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I X- 2 


I SUMMARY 


This  report  presents  the  basis  for  the  design  of  the  Tongue 
River  Project  which  is  to  develop  industrial  water  supplies  in  south- 
eastern Montana. 

Since  the  late  1 800 1 s , water  from  the  Tongue  River  has  been 
used  for  irrigation  and  domestic  purposes.  Municipal  uses  have  also 
been  more  recently  developed.  In  Montana  irrigation  has  been  by  direct 
diversion  from  the  main  Tongue  River  with  water  rights  dating  from  1886. 

In  1939,  the  Montana  State  Water  Conservation  Board  constructed  the  Tongue 
River  Dam  to  impound  the  Tongue  River  Irrigation  Reservoir,  the  major  storage 
reservoir  in  the  basin,  for  irrigation  and  other  beneficial  uses. 

In  the  high  plains  country  of  northeastern  Wyoming  and  southeastern 
Montana,  extensive  deposits  of  coal  are  available  for  development.  Technological 
advances  in  the  use  of  coal-fired  steam  power  plants  and  development  of 
economical  methods  of  converting  coal  to  petroleum  products  are  presently 
making  exploitation  of  these  vast  coal  deposits  economically  feasible.  Such 
developments  require  substantial  quantities  of  water  for  cooling  and  process 
consumption.  Therefore,  it  is  anticipated  that  further  uses  of  water, 
particularly  in  the  Tongue  River  Basin,  will  be  largely  for  industrial  purposes. 

The  Montana  legislature  in  1967  authorized  the  Montana  Water  Resources 
Board  to  carry  out  investigations  and  engineering  for  the  Tongue  River  Project 
to  develop  industrial  water  supplies  for  use  in  southeastern  Montana. 

As  a first  step  in  the  engineering  studies,  the  determination  of  the 
relationship  between  water  supply,  firm  yield  and  reservoir  sizing  was  under- 
taken . 


Historical  flow  records  for  the  Tongue  River  near  the  state  line 
are  available  since  1929,  providing  an  adequate  basis  for  water  yield  studies. 
However,  the  Tongue  River,  a major  tributary  of  the  Yellowstone  River,  flows 
from  Wyoming  into  Montana  and  both  of  these  states  share  in  rights  to  use  its 
waters . 


To  provide  a basis  for  usage  of  waters  of  the  major  rivers  which 
flow  from  Wyoming  into  Montana,  these  two  states  concluded  the  Yellowstone 
River  Compact  in  1950.  Before  yield  studies  could  be  made,  it  was  necessary 
to  determine  Montana's  share  of  the  unused  and  unappropr i ated  water  in  the 
Tongue  River. 

A Water  Allocation  Study  was  made  presenting  two  "allocations".  The 
first,  adhering  strictly  to  the  compact  provisions  particularly  with  respect 
to  reservations  of  supplemental  water,  leads  to  conclusions  which  are  believed 
unrealistic.  The  second  "realistic  allocation"  was  made  based  on  analysis 
and  judgement  of  realistic  future  conditions  in  the  Tongue  River  Basin. 

Under  the  realistic  allocation  it  was  determined  that  a maximum  firm  yield  of 
112,000  acre  feet  annually  could  be  developed  by  providing  450,000  acre  feet 
of  gross  storage.  Such  storage,  however,  using  the  furthest  downstream 
feasible  damsite  would  require  storing  water  across  the  border  into  Wyoming. 
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Therefore,  a "Stage  I"  High  Tongue  River  Dam  has  been  planned  using  a 
storage  elevation  3438,  some  three  and  one-half  feet  below  the  state  line 
streambed  elevation.  This  Stage  I reservoir  has  320,000  acre  feet  of  gross 
storage  and  a firm  yield  of  100,000  acre  feet  annually.  Part  of  the  firm 
yield  is  allocated  to  agricultural  uses  under  agreements  for  the  existing 
Tongue  River  Irrigation  Reservoir.  The  dam  is  designed  for  future  raising 
to  provide  450,000  acre  feet  of  storage. 

In  addition  to  the  firm  yield,  discharges  of  342  cubic  feet  per 
second  are  provided  to  satisfy  adjudicated  and  Indian  water  rights  and 
75  cubic  feet  per  second  of  winter  releases. 

A study  was  made  to  determine  the  probable  time  required  for  first 
filling  of  the  reservoir.  It  appears  that  a filling  period  of  four  to  six 
years  should  be  provided. 

The  Stage  I dam  is  about  200  feet  high,  3200  feet  long  and  contains 
over  10,000,000  cubic  yards  of  earth  materials.  The  spillway  has  been  designed 
to  pass  probable  maximum  flood  which  has  a peak  inflow  of  183,000  cubic  feet 
per  second.  The  outlet  works  has  been  designed  to  pass  3000  cubic  feet  per 
second  at  maximum  storage  elevation. 

The  total  specific  construction  cost,  based  on  fourth  quarter  1068 
price  levels  is  $22,133,000.  Allowances  for  contingencies,  engineering, 
construction  management  and  escalation  during  construction  bring  the  project 
cost  to  $32,229,000.  Additional  costs  to  be  determined  by  the  Montana  Water 
Resources  Board  include  cost  of  land  and  rights  of  way,  escalation  to  start 
of  construction,  owner  costs  and  financing  costs  of  interest  during  construction 
and  interest  during  first  reservoir  filling. 
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INTRODUCTION 


I I . 


PURPOSE  AND  SCOPE 


This  report  presents  the  basis  for  the  design  of  the  Tongue 
River  Project.  This  Project  for  the  Montana  Water  Resources  Board  will 
develop  additional  industrial  water  supplies  from  the  Tongue  River  in 
southeastern  Montana  in  addition  to  the  irrigation  supplies  already 
developed.  The  Location  and  Vicinity  Maps  of  the  Tongue  River  Project 
are  shown  on  Drawing  669^-11-001. 

Summaries  of  hydrologic,  geologic,  and  material  exploration 
investigations  are  included.  The  history  of  water  development  in  the 
Tongue  River  Basin  is  presented  along  with  a description  of  the  evolution 
of  the  Tongue  River  Project.  The  criteria  and  bases  for  design  of  the 
project  features  are  summarized  and  discussed. 


DESCRIPTION  OF  THE  TONGUE  RIVER  SYSTEM 


The  Tongue  River  rises  in  the  Big  Horn  Mountains  of  northern 
Wyoming  and  flows  north  and  eastward  through  Wyoming  into  Montana,  finally 
joining  the  Yellowstone  River  at  Miles  City  in  eastern  Montana.  The  Tongue 
River  Basin  is  approximately  150  miles  long  and  40  miles  wide,  and  includes 
some  5^20  square  miles  of  drainage  area. 

The  major  water-producing  area  of  the  Tongue  River  drainage  lies 
in  the  Big  Horn  Mountains  in  the  basins  of  the  tributaries  North  Tongue  River, 
South  Tongue  River,  Little  Tongue  River,  Wolf  Creek,  Goose  Creek,  and  Little 
Goose  Creek.  These  tributaries  flow  north  and  east  from  the  mountains  and 
out  onto  the  high  plains,  joining  together  to  form  the  main  Tongue  River 
north  of  Sheridan,  Wyoming.  A number  of  ephemeral  streams  join  the  main 
Tongue  River  from  the  north.  Prairie  Dog  Creek  rises  in  the  plains  south 
and  east  of  Sheridan  and  joins  the  main  Tongue  River  just  before  it  crosses 
the  border  into  Montana. 

In  Montana,  many  small  ephemeral  tributaries  flow  into  the  north- 
ward-flowing Tongue  River  from  the  west.  On  the  east,  however,  drainage  is 
dominated  by  three  major  tributaries:  Hanging  Woman  Creek,  which  joins  the 

main  river  at  Birney;  Otter  Creek,  which  joins  at  Ashland;  and  Pumpkin  Creek, 
which  flows  into  the  Tongue  River  about  22  river  miles  above  the  confluence 
of  the  Tongue  and  Yellowstone  Rivers  at  Miles  City.  A map  showing  the  Tongue 
River  Drainage  Basin  is  presented  on  Drawing  669^-11-002. 
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HISTORY  OF  WATER  USE  IN  THE  TONGUE  RIVER  SYSTEM 


Since  the  late  1 300 1 s , water  from  the  Tongue  River  has  been 
used  for  irrigation  and  domestic  purposes.  Municipal  uses  have  also 
been  more  recently  developed  but  the  predominant  use  has  been  for 
i r r i gat i on . 


In  Wyoming,  earliest  water  rights  for  irrigation  date  from 
before  1880.  Extensive  development  of  irrigation  canal  systems  has 
taken  place  in  Wyoming  leading  to  exchange  of  water  between  tributary 
basins.  Several  reservoirs  for  storage  of  irrigation  water  as  well 
as  numerous  stock  ponds  have  been  constructed.  Importation  of  water 
from  Piney  Creek,  a tributary  of  the  Powder  River,  into  the  Tongue 
River  Basin  has  been  accomplished  through  the  construction  of  irrigation 
canal s . 


In  Montana,  the  predominant  use  of  water  has  been  for  irrigation 
by  direct  diversion  from  the  main  Tongue  River  with  irrigation  water 
rights  dating  from  1386.  In  1939,  the  Montana  State  Water  Conservation 
Board  constructed  the  Tongue  River  Dam  to  impound  the  Tongue  River 
Irrigation  Reservoir,  the  major  storage  reservoir  in  the  basin, for 
irrigation  and  other  beneficial  uses.  On  the  tributaries,  wild  flooding  for 
irrigation  has  been  widely  practiced. 

In  the  high  plains  country  of  northeastern  Wyoming  and  southeastern 
Montana,  extensive  deposits  of  coal  are  available  for  development  at  shallow 
depth.  Technological  advances  in  the  use  of  coal-fired  steam-electric 
power  generating  plants  and  development  of  economical  methods  of  converting 
coal  to  petroleum  products  are  presently  making  exploitation  of  these 
vast  coal  deposits  economically  feasible.  However,  such  developments 
require  substantial  quantities  of  water  for  cooling  and  process  consumption. 
Therefore,  it  is  anticipated  that  further  uses  of  water  in  these  areas  and 
particularly  in  the  Tongue  River  Basin  will  be  largely  for  industrial 
pu  rposes . 


HISTORY  OF  THE  TONGUE  RIVER  PROJECT 


The  Montana  legislature  in  1967  authorized  the  Montana  Water 
Resources  Board  to  carry  out  investigations  and  engineering  for  the 
Tongue  River  Project  to  develop  industrial  water  supplies  for  use  in 
southeastern  Montana.  On  May  25,  1967,  a contract  was  executed  between 
the  Montana  Water  Resources  Board  and  Bechtel  Corporation  to  carry  out 
the  investigations  and  engineering.  At  that  time  it  was  anticipated 
that  the  storage  required  for  the  project  would  be  about  150,000  acre 
feet  to  be  accomplished  by  raising  the  existing  Tongue  River  Dam,  and/or 
building  a new  dam  downstream. 
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As  a first  step  in  the  engineering  studies,  the  determination 
of  the  relationship  between  firm  water  supply  yield  and  reservoir 
sizing  was  undertaken. 

Historical  flow  records  for  the  Tongue  River  near  the  state  line 
are  available  since  1929,  providing  an  adequate  basis  for  water  yield 
studies.  However,  the  Tongue  River,  a major  tributary  of  the  Yellow- 
stone River,  flows  from  Wyoming  into  Montana  and  both  of  these  states 
share  in  rights  to  use  its  waters. 

In  order  to  provide  a basis  for  usage  of  waters  of  the  major 
rivers  which  flow  from  Wyoming  into  Montana,  these  two  states  con- 
cluded the  Yellowstone  River  Compact  in  1950.  Before  yield  studies 
could  be  made,  it  was  necessary  to  determine  Montana's  share  of  the 
unused  and  unappropriated  water  in  the  Tongue  River. 

On  June  8,  1907,  the  Montana  Wa ter  Resources  Board  authorized 
Bechtel  Corporation  to  proceed  with  a study  for  determination  of  the 
unused  and  unappropriated  water  in  the  Tongue  River  for  allocation 
under  the  Yellowstone  River  Compact.  That  study  included: 

1.  Collection  and  evaluation  of  basic  streamflow  data. 

2.  Collection  and  evaluation  of  water  rights  data  in  both 
Montana  and  Wyoming. 

3.  Field  investigation  of  water  use  and  administration. 

b.  Determination  of  supplemental  water  requirements,  and 

5.  Analysis  of  data  and  determination  of  unused  and  unappropriated 
water. 

After  intensive  study,  analysis,  review  by  the  Montana  Water 
Resources  Board  and  revision,  a draft  Water  Allocation  study  report 
was  presented  to  the  Yellowstone  River  Compact  commission  at  Sheridan, 

Wyoming,  on  December  19,  1967.  On  the  basis  of  this  initial  water 
allocation  study,  yield  studies  showed  that  the  maximum  yield  from 
the  Tongue  River  which  could  be  developed  from  water  allocated  to 
Montana  was  72,000  acre  feet  a year  and  a gross  storage  of  2^5,000 
acre  feet  was  required  to  develop  that  yield. 

Following  a presentation  of  the  allocation  and  yield  studies 
to  the  Board  in  Billings  on  January  b,  1968,  further  studies  were  made 
by  the  Board  on  the  allocation  study.  Following  a meeting  between  the 
Montana  Water  Resources  Board  Director  and  the  Wyoming  State  Engineer 
on  January  2b,  1968,  it  was  determined  by  the  Board  that  the  storage 
rights  of  the  existing  Tongue  River  Reservoir  be  considered  as  not  being 
subject  to  allocation  regardless  of  possible  future  changes  of  actual 


use.  The  effective  result  of  this  change  of  interpretation  was  to 
increase  the  water  which  could  be  developed  by  Montana  and  therefore 
the  yield  of  the  project.  Under  this  revised  allocation  it  was  deter- 
mined that  a maximum  yield  of  112,000  acre  feet  annually  could  be 
developed  by  providing  some  450,000  acre  feet  of  gross  storage. 

A revised  draft  of  the  Water  Allocation  study  report  was  reviewed 
with  the  Board  and  with  members  of  the  legislative  council  on  April  5, 

19^8  at  Helena.  The  Water  Allocation  Study  report  was  submitted  to  the 
Board  in  final  form  on  April  22,  1 968 . 

The  Water  Allocation  Study  presented  two  "allocations".  The  first 
adhering  strictly  to  the  compact  provisions,  particularly  with  respect 
to  reservations  of  supplemental  water,  leads  to  conclusions  which  are 
believed  unrealistic.  The  second  "allocation"  was  made  based  on  analysis 
and  judgment  of  realistic  future  conditions  in  the  Tongue  River  Basin. 

The  Board  concurred  in  Bechtel's  recommendation  that  the  project  be 
sized  on  the  basis  of  the  "realistic  allocation".  The  yield  studies 
based  on  that  allocation  are  described  later  in  this  report. 

During  the  summer  and  autumn  of  1987,  field  investigations  were 
carried  out  to  provide  data  for  design  of  the  increased  reservoir, 
either  by  raising  the  existing  dam,  or  by  constructing  a new  dam  down- 
stream. Foundation  explorations  were  carried  out  at  the  existing  dam 
and  at  the  Oxbow  site,  located  as  shown  on  Drawing  No.  6694-11-003.  Because  of 
unfavorable  foundation  conditions  at  the  Oxbow  site,  another  site, 
called  the  Four  Mile  Creek  site,  was  also  explored.  Borrow  explorations 
were  also  carried  out  at  this  time  to  locate  and  obtain  samples  of  earth 
construction  materials. 

During  the  fall  of  1967  and  the  early  winter  of  1 967“ 1 968 , 
design  studies  for  raising  the  existing  dam  or  constructing  a new  one 
downstream  were  carried  out.  Based  on  the  initial  allocation  and 
yield  studies,  preliminary  designs  providing  total  storage  of  245,000 
acre  feet  were  undertaken.  During  this  period  the  Board  determined 
that  storage  of  water  in  Wyoming  should  be  avoided.  This  criterion 
effectively  limits  the  storage  to  about  Elevation  3441,  which  is  the 
approximate  elevation  of  the  Tongue  River  streambed  at  the  State  Line. 

In  January  1968,  after  preliminary  designs  had  been  well  advanced, 
the  revision  of  the  allocation  and  yield  studies  required  further  sub- 
stantial changes  in  the  scope  of  the  project.  Studies  of  foundation 
conditions  and  raising  the  existing  Tongue  River  dam  indicated  that  only 
a moderate  raise  would  be  possible.  The  yield  studies  based  on  the 
revised  and  "realistic  allocation"  study  have  shown  that  some  450,000 
acre-feet  gross  storage  would  be  required  for  development  of  the  112,000 
acre  feet  per  year  firm  yield.  Only  about  140,000  acre  feet  of  storage 
would  be  available  at  the  existing  dam  site,  yielding  about  72,000 
acre  feet  per  year.  The  damsite  near  the  Four  Mile  Creek  confluence 
with  the  Tongue  River  is  the  furthest  downstream  feasible  damsite 
before  the  Tongue  River  canyon  opens  out  into  a broader  valley. 


Therefore  it  is  the  site  with  the  greatest  storage  potential  without 
storing  water  above  the  State  Line  into  Wyoming. 

A dam  at  the  Four  Mile  Creek  site  would  store  water  to  the  same 
elevation  as  the  existing  dam  raised  to  its  greatest  feasible  height. 
However  the  Four  Mile  Creek  site  would  provide  substantially  more  yield. 

If  the  existing  dam  were  raised,  at  an  estimated  direct  construction  cost 
at  1968  price  level  of  about  $4,000,000  and  additional  water  needed  at 
a later  date,  the  raised  dam  would  be  inundated  and  the  investment  would 
not  be  fully  recovered.  Therefore,  it  was  recommended  to  the  Board  that 
a dam  be  built  at  the  Four  Mile  Creek  site  and  raised  later  if  necessary 
to  provide  greater  storage  and  greater  yield. 

On  April  5,  1968,  the  Board  directed  Bechtel  to  proceed  with 
design  of  a dam  at  the  Four  Mile  Creek  site,  later  designated  as  the 
High  Tongue  River  Dam.  The  Board  directed  that  the  dam  have  a maximum 
storage  Elevation  3433,  about  three  and  one-half  feet  below  the  State 
Line  streambed  elevation.  Although  this  will  prevent  storage  of  water 
in  Wyoming,  floods  which  may  occur  when  the  reservoir  is  nearly  full, 
will  cause  ponding  of  water  in  Wyoming.  The  Storage  Elevation  3438  will 
provide  gross  storage  of  320,000  acre  feet  with  a corresponding  yield 
of  100,000  acre  feet  annually,  part  of  which  is  for  agricultural  use 
under  existing  committments. 

There  is  a possibility  that  a dam  may  be  constructed  for 
industrial  purposes  near  the  State  Line  in  Wyoming.  Such  a development 
is  considered  reasonable  besause  of  physical  feasibility  of  a damsite  at 
that  location  and  all  Tongue  River  drainage  in  Wyoming  would  be  tributary 
to  such  a reservoir.  Such  construction  would  make  possible  raising 
High  Tongue  River  Dam  if  suitable  arrangements  could  be  made  to  back  water 
up  on  the  downstream  side  of  the  new  dam.  The  Board  therefore  directed 
that  the  High  Tongue  River  dam  be  designed  so  that  it  could  be  raised  to 
storage  elevation  3453,  to  provide  450,000  acre  feet  storage  with  a 
corresponding  firm  yield  of  112,000  acre  feet  annually. 

This  report  provides  the  basic  design,  data  and  construction  cost 
estimates  for  the  High  Tongue  River  Dam.  The  yield  studies,  geology, 
construction  materials,  are  described.  The  criteria  for  and  design  of 
the  earth  dam,  spillway  and  outlet  works  are  presented. 


SUPPORTING  DATA 


Data  which  supports  the  design  is  presented  in  the  supporting 
data  volume.  Topographic  maps  of  the  reservoir  are  presented.  Included 
are  calculations  of  storable  inflow  for  the  realistic  allocation.  The 
geological  report  on  dams i tes , rock  mechanics  laboratory  tests  on  the 
coal  and  soil  test  data  are  presented.  Also  included  is  a full  treatment 
of  the  data  on  the  existing  Tongue  River  Dam,  including  preliminary 
raising  design,  a history  with  emphasis  on  seepage  problems,  construction 
drawings  and  photographs  and  reports  on  various  grouting  programs. 
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III.  WATER  SUPPLY  STUDIES 


GENERAL 


In  order  to  determine  the  firm  yield  of  the  Tongue  River  Project 
and  the  correlated  reservoir  storage  capacity, a series  of  studies  was 
made.  These  studies  were  based  on  an  allocation  of  water  under  the 
Yellowstone  River  Compact.  First,  the  historical  inflow  to  the  project 
area  was  determined.  Second,  the  probable  future  depletion  of  flow 
above  the  state  line  by  Wyoming  under  the  provisions  of  the  Yellowstone 
River  Compact  was  subtracted  from  the  historical  inflow.  Third,  down- 
stream releases  for  prior  adjudicated  rights  on  the  Tongue  River  were 
deducted  from  the  inflow.  Fourth,  the  remaining  water,  called  the 
storable  inflow,  was  analyzed  on  a time  sequence  basis  to  determine  the 
variation  of  the  minimum  storable  inflow  with  time.  Fifth,  the  minimum 
storable  inflow  was  analyzed  against  time,  evaporation  and  storage  in 
order  to  evaluate  the  correlated  firm  water  yield  and  required  storage. 

The  water  supply  studies  for  the  Tongue  River  Project  are  based 
on  the  "Water  Allocation  Study"  report  which  developed  the  historical 
sequence  of  unused  and  unappropriated  flows  which  could  be  allocated  to 
Montana.  That  report  was  submitted  to  the  Montana  Water  Resources  Board 
on  April  22,  1 9 68  by  Bechtel  Corporation.  The  yield  studies  are  based 
on  the  "Realistic  Allocation"  described  in  that  report. 

YELLOWSTONE  RIVER  COMPACT 


A number  of  major  rivers  - the  Clarks  Fork  of  the  Yellowstone  River, 

Big  Horn  River,  Tongue  River,  and  Powder  River  - flow  north  from  Wyoming 
into  Montana  to  join  the  Yellowstone  River.  Beginning  in  the  1930's  the 
states  of  Montana  and  Wyoming  appointed  Commissioners  to  study  and  determine 
the  apportionment  of  water  of  these  rivers  between  the  states.  During  the 
1930's  and  19^0's  negotiations  led  to  the  signing  of  compacts  which  were 
not  ratified  by  the  legislatures.  However,  in  1950  an  agreement  including 
North  Dakota  was  reached  and  a compact  was  signed  at  Billings,  Montana,  on 
December  8,  1950.  The  compact  was  subsequently  ratified  by  the  legislatures 
of  the  various  states  and  by  Congress. 

The  purpose  of  the  Compact  is  "to  remove  all  causes  of  present  and 
future  controversy  between  said  states  . . . with  respect  to  the  waters  of 
the  Yellowstone  River  and  its  tributaries  ...  to  provide  for  an  equitable 
division  and  apportionment  of  such  waters,  and  to  encourage  the  beneficial 
development  and  use  thereof." 

The  Compact  provides  that  all  appropr i at i ve  rights  to  beneficial  uses 
of  the  water  of  the  Yellowstone  River  System  existing  in  each  state  as  of 
January  1,  1950,  shall  continue  to  be  enjoyed  in  accordance  with  the  laws 
governing  the  acquisition  and  use  of  water  under  the  doctrine  of  appropriation. 
Further,  the  Cpmpact  provides  that,  of  the  unused  and  unapp rop r i ated  waters 
of  the  interstate  t r i buta r i es  of  the  Yellowstone  River  as  of  January  1,  1950, 


the  re  is  allocated  to  each  state  such  quantity  of  that  water  as  is  necessary 
to  provide  supplemental  water  supplies  for  the  appropr i at i ve  rights  existing 
as  of  January  1,  1950.  Such  supplemental  rights  are  to  be  acquired  and 
enjoyed  in  accordance  with  the  laws  governing  the  acquisition  and  use  of 
water  under  the  doctrine  of  appropriation.  In  the  Tongue  River,  the 
remainder  of  the  unused  and  unappropriated  water  is  allocated  60  percent 
to  Montana  and  AO  percent  to  Wyoming. 

Nothing  contained  in  the  Compact  is  to  be  so  construed  or  inter- 
preted as  to  affect  adversely  any  rights  to  the  use  of  the  waters  of  the 
Yellowstone  River  and  i ts  t r i buta r i es  owned  by  or  for  Indians,  Indian 
tribes,  and  their  reservations. 

The  Compact  provides  a relatively  simple  formula  for  determination 
of  the  percentage  allocations.  The  quantity  of  unused  and  unappropriated 
water  subject  to  allocation  is  to  be  determined  on  an  annual  water  year 
basis  measured  from  October  1 of  any  year  through  September  30  of  the 
succeeding  year.  The  quantity  to  which  the  percentage  factors  shall  be 
applied  through  a given  date  in  any  water  year  shall  be,  in  acre-feet, 
equal  to  the  algebraic  sum  of: 

1.  The  total  diversion  above  the  point  of  measurement  for 
irrigation,  municipal  and  industrial  uses  in  Wyoming  and 
Montana  developed  after  January  1,  1950; 

2.  The  net  change  in  storage  in  all  reservoirs  in  Wyoming  and 
Montana  above  the  point  of  measurement  completed  subsequent 
to  January  1 , 1 950 ; 

3.  The  net  change  in  storage  in  existing  reservoirs  in  Wyoming 
and  Montana  above  the  point  of  measurement  which  is  used  for 
irrigation,  municipal  and  industrial  purposes,  developed  after 
January  1 , 1950  ; 

4.  The  quantity  of  water  that  passes  the  point  of  measurement  in 
the  stream. 

The  point  of  measurement  in  the  Tongue  River  is  below  the  last 
diversion  from  the  river  above  its  confluence  with  the  Yellowstone  River. 

HISTORICAL  INFLOW  TO  THE  TONGUE  RIVER  PROJECT 

Inflow  to  the  Tongue  River  Project  is  measured  by  the  gage  -"Tongue 
River  at  State  Line."  This  gaging  station  was  installed  in  I960  but  the 
record  has  been  extended  back  to  19^5  by  use  of  the  records  from  the 
gages"Tongue  River  at  Tongue  River  Dam  and  Tongue  River  Reservoir  End-of- 
Month  Contents."  This  extended  record  was  then  modified  as  described  in 
the  "Water  Allocation  Study"  report.  First,  the  record  was  reduced  to 
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reflect  the  existence  of  the  1966  level  of  rights  throughout  the  entire 
period.  This  was  done  on  the  "Part  2 - Wyoming"  sheets  in  the  "Water 
A1 1 oca t i on  Study" . 

FUTURE  DEPLETION  IN  WYOMING 


The  modified  historical  record  was  further  reduced  to  account  for 
the  use  of  supplemental  and  surplus  water  in  Wyoming  on  the  basis  of  the 
"Realistic  Allocation".  The  record  of  flow  at  the  State  Line  gage 
reflecting  the  1966  level  of  rights  and  realistic  development  of  surplus 
and  supplemental  water  in  Wyominq  is  developed  on  the  "Part  2 - Wyoming" 
sheets  under  the  "Realistic  Allocation".  Wyoming's  forty  percent 
allocation  of  the  unused  and  unappropr i ated  water  in  the  Tongue  River, 
reduced  for  the  post-1950  rights  satisfied,  was  also  deducted  from 
the  inflow.  Wyoming's  A0%  share  of  the  unused  and  unappropriated 
water  was  determined  on  the  "Part  3 “ Unused  and  Unappropriated  Water" 
sheets  under  the  "Realistic  Allocation".  The  total  for  any  year  was 
assumed  to  be  used  for  industrial  purposes  with  annual  consumption 
of  90%  or  7-5%  in  each  of  the  twelve  months. 


REQUIRED  RELEASES 


The  decreed  rights  downstream  of  the  Tongue  River  Project  total 
4 1 4 . 9 cfs.  In  addition  to  30  cfs  decreed  rights,  60  cfs  have  been 
allotted  to  the  Northern  Cheyenne  Indian  Reservation  as  an  allowance 
for  water  supply  for  their  reserved  lands  as  described  in  the  "Water 
Allocation  Study"  report.  This  total  of  475  cfs  of  prior  rights  are 
active  during  the  irrigation  season  - May  through  September. 

In  the  non- i r r i gat i on  months,  releases  are  reguired  for  stock 
water  and  for  prevention  of  ice  jams.  This  release  has  historically 
been  the  inflow  to  the  reservoir  up  to  10,000  acre  feet  per  month 
(equivalent  to  167  cfs  continuously).  The  minimum  release  required 
for  fish  and  municipal  uses  is  understood  to  be  35  cfs.  An  October 
through  April  average  release  of  75  cfs  is  judged  necessary  to  provide 
a live  stream  and  prevent  ice  jams. 

The  yield  studies  were  made  for  May  through  September  release  of  the 
natural  inflow  up  to  prior  rights  of  3^2  cfs.  342  cfs  is  .72x^75  cfs  and 
reflects  rediversion  and  reuse  of  return  flows  as  demonstrated  by  the  Use 
Factor  developed  in  the  "Water  Allocation  Study".  The  winter  release  used 
in  the  yield  studies  was  the  natural  inflow  up  to  75  cfs. 

STORABLE  INFLOW 


The  water  available  for  development  by  the  Tongue  River  Project 
is  taken  as  the  historical  inflow  to  the  project  as  modified  by  future 
depletion  in  Wyoming  and  reduced  by  the  required  downstream  releases. 
This  remainder,  called  the  storable  inflow,  is  determined  by  the 
calculation  described  in  the  following  step-by-Step  description  and 
illustrated  on  Table  lll-l: 


U ; 


STORABLE  INFLOW  CALCULATION  REALISTIC  ALLOCATION: 

Col  1 Year 

Col  2 Month 

Col  3 Flow  - Tongue  River  at  State  Line  - with  1966  Level  of  Rights, 

Surplus  up  to  220  cfs  and  Sheridan  Canal  - 

From  Col  26  Part  2,  Wyoming  sheets  in  the  Realistic  Allocation. 

Col  A 7-5%  of  The  Annual  Amount  of  Water  Available  for  new 
Developments  in  Wyoming. 

In  the  Realistic  Allocation  Study,  the  annual  amount  of  water 
allocated  to  Wyoming  under  the  Yellowstone  River  Compact  was 
calculated.  This  was  reduced  by  the  amount  of  water  used  to 
satisfy  Post  1950  rights  in  Wyoming.  The  remainder  was  considered 
to  be  used  uniformly  throughout  the  year  and  to  be  90%  consumed- 
10%  appearing  as  return  flow.  7-5%  is  the  monthly  equivalent 
of  a 90%  annual  consumption. 

Col  5 Net  Inflow  to  Tongue  River  Reservoir  - Col  3 minus  Col  A. 

Col  6 Releases  to  Satisfy  Downstream  Rights. 

Col  5 up  to  3^2  cfs  during  May  through  September. 

Col  5 up  to  75  cfs  during  October  through  April. 

Col  7 Storable  Water  - Tongue  River  Reservoir. 

Col  5 minus  Col  6 . 

MINIMUM  ST0RA3LE  INFLOW  - FIRM  YIELD  - STORAGE 


An  approximate  method  for  relating  firm  yield,  storage  and  evaporation 
was  presented  in  “Design  Drouth  Criteria’1  by  Robert  S.  Gooch;  Journal  of 
the  Hydraulics  Division,  ASCE,  Vol . 92,  No.  HY2,  March,  1 966 . The  procedure 
consists  of  determining  the  annual  minimum  storable  inflow  based  on  the 
smallest  one  month  storable  inflow,  the  smallest  two  consecutive  month 
storable  inflow,  the  smallest  three  consecutive  month  sma 1 1 est  i nf 1 ow , etc., 
plotting  these  annual  storable  inflow  values  against  the  number  of  months 
represented,  and  drawing  the  lower  envelope  curve  of  the  points.  A digital 
computer  program  is  used  to  calculate  the  R vs.  N points  from  the  chronological 
storable  inflow  record.  The  resulting  points  and  curve  are  shown  on 
Drawing  No.  669A- 1 1 1 -00 1 . 

Using  points  on  the  lower  envelope  curve;  time,  storage,  yield, 
storable  inflow  and  evaporation  are  related  by  the  basic  equation: 

Y = £ + R - L 

N 

Where  Y = firm  yield  in  Acre  Feet  per  year. 

C = required  active  reservoir  capacity  in  Acre  Feet. 

N = drought  period  in  years. 

R = storable  inflow  correspond i ng  to  the  drought  period 

(determined  from  the  graph  described  above)  in  Acre  Feet  per  year. 
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L = losses  in  Acre  Feet  per  year. 

An  allocation  of  water  between  Wyoming  and  Montana  could  not  be 
made  for  the  years  prior  to  1995  because  there  was  no  continuous  record  of 
flow  in  the  Tongue  River  at  Miles  City.  A continuous  record  of  flow  in 
the  Tongue  River  at  the  Montana-Wyom i ng  state  line  was  developed  back  to 
1929  by  using  the  Tongue  River  at  Tongue  River  Dam  and  Tongue  River 
Reservoir,  End-of-Month  Contents  gages  for  the  period  1939-1960,  and 
the  Tongue  River  near  Decker  gage  for  the  period  1928-1938.  This  extended 
record  was  then  adjusted  to  show  the  effect  of  the  1966  level  of  rights 
during  the  entire  period.  R vs.  N curves  were  made  for  the  periods 
1929-1966  and  1995-1966  using  the  adjusted  record  on  the  basis  of  the 
1966  level  of  development.  The  R vs . N curves  were  compared,  and 
correlation  factors  to  bring  the  1995-1966  curve  to  the  1929-1966  curve 
were  developed.  These  correction  factors  were  then  applied  to  the  1995-1966 
"Realistic  Allocation"  R vs.  N curve  to  extent  its  applicability  to  the 
1 929- 1 966  period. 

The  correction  factors  and  the  corrected  curve  are  shown  on 
Drawing  No.  6699-1  I 1-001  . 

LOSSES 

Although  there  will  be  seepage  losses  from  the  reservoir,  it  is 
judged  that  most  seepage  losses  will  reappear  in  the  river  downstream  from 
the  reservoir  and  therefore  they  will  be  small  when  compared  with  evaporation. 
For  purposes  of  the  yield  studies,  i r recoverab 1 e seepage  losses  are  taken 
as  1000  Acre  Feet  per  year  for  Stage  I and  2000  Acre  Feet  per  year  for 
Stage  II  when  more  pervious  strata  may  be  Pelow  the  higher  storage  level 
and  head  will  be  greater. 

U.S.  Weather  Bureau  records  for  the  station  at  Terry,  Montana,  show 
pan  evaporation  of  about  98  inches  for  the  season  May  through  October. 

Applying  the  normal  . 70  reduction  factor  for  land  vs.  reservoir  evaporation, 
this  gives  lake  evaporation  of  33-5  inches. 

From  the  USWB  map  of  normal  annual  Class  A pan  evaporation,  the 
Tongue  River  Project  area  has  about  90  inches  of  evaporation  - 31  inches 
occurring  in  May  through  October. 

Using  an  evaporation  amount  of  32.5  inches,  and  subtracting  the 
normal  seasonal  precipitation  of  12  inches,  a loss  of  20.5  inches  is 
obtained.  The  average  water  surface  area  for  the  Tongue  River  Project  is 
3000  acres.  Therefore  the  average  annual  evaporation  is  5600  acre  feet 
which  was  used  in  the  firm  yield  studies. 

Total  annual  losses  used  in  the  yield  studies  are  6000  acre  feet 
for  Stage  I and  7000  acre  feet  for  Stage  I I . 

SILTATION 

The  original  gross  reservoir  capacity  (from  original  topography)  in 
1939  was  72,510  acre  feet  with  1900  acre  feet  in  dead  storage.  A U.S. 

Bureau  of  Reclamation  (USBR)  siltation  survey  in  1998  found  (by  soundings) 
that  the  capacity  had  been  reduced  to  69,990  acre  feet  of  which  1 9 0 0 acre  feet 
was  dead  storage.  In  that  nine  year  period,  some  390  acre  feet  per  year 
of  silt  was  deposited  in  the  reservoir  of  which  275  acre  feet  per  year  was 
deposited  in  active  storage. 
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The  1948  U.S.B.R.  storage  vs.  elevation  curve  was  used  to  develop 
the  present  total  storage  curve  shown  on  Drawing  6694-111-002. 

A siltation  and  dead  storage  allowance  of  21,000  acre  feet  has  been 
adopted  in  addition  to  the  required  active  storage  to  provide  silt  storage 
through  the  year  2008  with  some  600  acre  feet  of  dead  and  silt  storage 
remaining  at  that  time. 

It  mus t be  recogn i zed  that  this  siltation  analysis  is  based  on 
minimal  data.  After  the  increased  Tongue  River  Reservoir  has  been  in 
operation  for  some  15  or  20  years  a siltation  survey  should  be  made  as  a 
check  on  reduction  of  storage. 

ANALYS I S 


A series  of  computations  to  determine  the  relationship  between 
various  storages  and  yields  were  made.  The  area  and  capacity  curves  are 
shown  on  Drawing  No.  6694-111-002.  The  results  of  the  yield  and  gross 
storage  (including  siltation  and  dead  storage)  calculations  are  shown  on 
Drawing  6694-111-003- 

DETERMINATION  OF  FIRM  YIELD  - OPERATION  STUDY 


In  order  to  check  the  accuracy  of  the  approximate  method  described 
above,  a reservoir  operation  study  was  made  using  a computer  program  from 
Bechtel's  program  library.  The  agreement  between  the  approximate  method 
and  the  operation  study  was  within  6%,  well  within  the  limits  of  accuracy 
of  the  data. 

CONCLUSIONS 


The  ana  lysis  shows  that  a maximum  of  112,000  acre  feet  per  year  of 
firm  yield  will  be  available  for  development  based  on  the  "realistic 
allocation"  and  full  industrial  use  of  Wyoming's  share  of  the  unused  and 
unappropriated  water.  To  develop  this  amount  of  firm  yield,  a gross 
reservoir  storage  of  450,000  acre  feet  is  required  which  will  provide  for 
12  years  of  carryover. 

For  the  Stage  I development  of  100,000  acre  feet  per  year  of  firm 
yield,  a gross  reservoi r storage  of  320,000  acre  feet  per  year  is  required. 
The  Stage  I storage  provides  for  ten  years  of  carryover. 


Part  of  the  firm  yield  of  the  Tongue  River  Project  is  for  downstream 
agricultural  uses  as  provided  by  the  existing  Tongue  River  Irrigation 
Reservoir  which  will  be  inundated  by  the  new  reservoir. 


RESERVOIR  FILLING  STUDIES 


A study  has  been  made  to  determine  probabilities  of  filling  the 

reservoir  in  various  periods  of  time.  The  firm  yield  of  the  Stage  I project 

has  been  based  on  beginning  a critical  drought  period  of  ten  years 
with  the  reservoir  at  full  storage  level.  Therefore  the  reservoir 

must  be  filled  before  its  operation  can  be  considered  as  providing  firm  yield. 
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The  21  years  of  record  from  1946  through  1 366  were  analyzed. 

Because  it  is  not  known  when  the  reservoir  will  be  constructed,  it  must  be 
recognized  that  different  conditions  of  flow  may  exist  in  the  future  due  to 
upstream  development.  Therefore,  three  cases  of  water  use  assumptions 
were  studied: 


Case  I : 


Case  I 1 : 


Case  III: 


1966  level  of  upstream  development.  Prior  rights 
releases  May  through  September : i nf 1 ow  up  to  342  cf s . 
Winter  releases:  inflow  up  to  75  cf s . 30,000 
acre  feet  assumed  released  to  satisfy  downstream 
agricultural  contracts. 

Same  as  Case  I except  that  37,000  acre  feet  of  water 
is  consumed  by  industrial  development  upstream  in 
Wyomi ng . 

Full  "Realistic  Allocation"  development  upstream  in 
Wyoming.  Prior  rights  releases  May  through  September: 
inflow  up  to  3^2  cfs.  Winter  releases:  inflow  up 

to  75  cfs.  30,000  acre  feet  per  year  assumed  released 
to  satisfy  downstream  agricultural  contracts. 


The  Stage  I reservoir  volume  of  320,000  acre  feet  was  filled,  assuming 
that  30,000  acre  feet  were  contained  in  the  existing  reservoir  at  start 
of  filling. 

The  results  of  the  filling  probability  studies  are  presented  in  the 
following  Table: 


PERCENTAGE  PROBABILITIES  OF  FILLING  STAGE  I 
TONGUE  RIVER  RESERVOIR 


1 Yr. 

2 Yr. 

3 Yr. 

4 Yr. 

5 Yr. 

6 Yr. 

Case  1 

9 

48 

78 

96 

100 

100 

Case  1 1 

6 

32 

53 

74 

90 

100 

Case  1 1 1 

0 

1 1 

30 

53 

80 

100 

A four  to  six  year  filling  period  therefore  should  be  provided  on 
the  basis  of  the  inflow  Case  which  pertains  at  the  time  the  project  is 
f i nanced . 
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MINIMUM  STORABLE.  INFLOW  /N  1,000  ACRE-FEET  PFR  YEAR 


REQUIRED  STORAGE  ELEVATION 


FIRM  YIELD  IN  IOOO  ACRE  FEET  PER  YEAR 
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IV.  FLOOD  HYDROLOGY 


In  order  to  provide  data  for  design  of  the  emergency  spillway, 
a flood  hydrologic  study  was  made.  This  study  included  a review  of 
the  historical  flood  records  and  a development  of  the  Probable 
Maximum  Flood  (PMF)  ar|d  Standard  Project  Flood  (SPF)  . 


HISTORICAL  FLOODS 


U.S.  Geological  Survey  gaging  stations  have  been  operated  on 
the  Tongue  River  in  the  vicinity  of  the  project  as  follows: 


Loca  t i on 

Dr.  Area 
sg . m i . 

Period 
of  record 

At  State  Line  near 

Decker 

1 ,477 

1 960-present 

Near  Decker 

1 ,610 

1928-38 

Below  Tongue  River 

Dam 

1 ,770 

1 939~present 

The  maximum  flood  recorded  since  I960  at  the  State  Line  station 
was  6,030  cfs  on  June  16,  1963-  The  flood  of  June  2,  1929,  with  a 
peak  discharge  of  7,220  cfs,  was  the  highest  at  the  station  near 
Decker  from  1928  to  1938.  At  the  station  below  the  dam,  the  maximum 
flood  since  1939  occurred  on  June  5,  1944,  when  a peak  discharge  of 
6,180  cfs  was  observed. 

Noteworthy  floods  prior  to  the  period  of  record  occurred  in 
June  1908  and  June  1916,  but  the  discharges  of  these  floods  are 
not  known. 


FLOOD  OF  JUNE  1 964 

On  June  7_8,  1964,  a very 
wester  Montana  (10).  This  storm 
storms  which  have  occurred  along 
Rocky  Mountains.  Because  of  its 
storm  could  be  expected  anywhere 
been  used  for  development  of  the 


large  rainstorm  occurred  over  north 
was  typical  of  other  large  rain- 
the  eastern  flanks  of  the  northern 
significance  and  because  a similar 
along  the  mountain  front,  it  has 
PMF. 


PROBABLE  MAXIMUM  FLOOD 


Criteria.  The  probable  maximum  flood  inflow  to  the  Tongue 
River  Reservoir  is  based  on  the  transposition  and  maximization  of 
the  June  7~8,  1964,  storm  over  Northwest  Montana. 

PROBABLE  MAXIMUM  PRECIPITATION 


To  transpose  the  storm  over  the  Tongue  River  basin  above  Tongue  > 
River  Dam,  the  isohyetal  map  of  the  storm  of  June  7~8,  1964,  was  used. 
This  isohyetal  map  was  oriented  in  such  a way  that  the  maximum  average 
precipi tation  was  obtained  over  the  drainage  area  of  1740  sguare  miles. 
Care  was  taken  not  to  rotate  the  storm  more  than  5° • By  p 1 an imete r i ng 
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areas  between  isohyets  an  average  prec i p i tat i on  of  7.35  inches  over 
the  drainage  area  was  calculated.  A coefficient  of  1.35  was  used 
to  adjust  the  storm  to  maximum  conditions.  (7) (6)  The  transposed 
and  maximimized  storm  would  have  a total  maximum  probable  precipitation 
in  36  hours  of  1.35  x 7-35  = 9-92  inches.  Using  the  same  depth-area- 
duration  as  observed  for  the  storm  of  June  7-8,  1964,  the  9-92  inches 
of  probable  maximum  precipitation  was  distributed  as  follows: 

T i me  Accumu 1 a ted  Depth 

(Hours)  r I'nchesf) 


3 

6 

9 

12 

15 

18 

24 

30 

36 


0.71 

1.78 

3.24 

4.68 

6.31 

7.10 

7.99 

8.96 

9-55 

9-92 


UNIT  HYDROGRAPH  - 3 HOURS  DURATION 


Due  to  the  great  similarity  in  climatic  and  topographic  conditions 
between  the  drainage  area  above  existing  Tongue  River  Dam  and  the  Hole- 
in-the-Wall  drainage  area,  the  lag  curve  developed  by  the  Bureau  of 
Reclamation  was  used,  as  well  as  the  dimensionless  unit  graph  for  the 
Tongue  River  near  Dayton.  /'bMlj  The  final  3-hour  unit  graph  was 
obtained  following  the  procedure  described  by  the  Bureau  of 
Reel amat ion. 

INFILTRATION 


A retention  rate  of  0.25  inches  per  hour  was  used  in  the  de- 
termination of  the  excess  precipitation.  Due  to  the  similarity  in 
soil,  cover,  and  topography  between  the  Ho  1 e- i n-the-Wa 1 1 basin  and  the 
drainage  area  above  the  existing  Tongue  River  Dam,  the  same  retention 
rate  was  used  for  both  basins. 

DESIGN  INFLOW  FLOOD  HYDROGRAPH 

Figure  IV-l  shows  the  desiqn  flood  at  Tongue  River  Dam  based  on 
the  design  36-hour  rainfall,  a uniform  retention  rate  of  0.25  inches 
per  hour  and  the  three-hour  unit  hydrograph.  This  event  is  characterized 
by  a peak  discharge  of  183,200  cfs  and  a total  volume  of  3^6,700 
acre-feet.  The  increments  of  excess  rainfall  were  re-arranged  by 
trial  to  produce  the  maximum  flood  peak.  The  base  flow  of  3420  cfs, 
as  used  in  the  final  computation  of  the  inflow  design  flood,  was 
obtained  from  analysis  of  recorded  floods  in  the  Tongue  River  basin. 
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SNOWMELT  ANALYSIS 


F c “ analysis  of  snowmelt,  the  maximum  floods  in  the  Tongue  River 
above  the  Tongue  River  Dam  were  selected.  Three  stations  on  the  Tongue 
River  were  chosen  as  most  representative  of  the  basin.  Due  to  the  difference 
in  areas  above  the  stations,  the  relationship  was  developed  between 
drainage  area  and  snowmelt  volume  for  a three-day  period.  By  checking  the 
daily  precipitation  records  for  the  Sheridan  station,  the  straightline 
corresponding  to  May,  19^+7,  was  selected  as  the  best  correlation  factor 
in  the  snowmelt  computation.  (2)  (3)  (10)  (9)  Figure  | V-2  shows  the 
snowme It  studies. 

ENVELOPE  CURVE 


Using  the  envelope  curve  for  peak  discharge  in  the  Missouri 
River  basin,  developed  by  the  Bureau  of  Reclamation,  (5)  the  reading  of 
the  curve  at  1 7^+0  square  miles  indicated  a peak  discharge  of  70,000  cf  s , 
which  is  38.2  percent  of  the  probable  maximum  peak  flood. 

STANDARD  PROJECT  FLOOD 


A standard  project  flood  (SPF)  was  developed  and  found  to  have 
a peak  inflow  of  about  87,000  cfs. 

The  SPF  when  routed  through  the  reservoi r was  found  to  have  a 
peak  outflow  of  AA,000  cfs. 

TAILWATER  RATING  CURVE 


Figure  I V - 3 shows  the  tailwater  rating  curve  for  the  Tongue  River 
immediately  downstream  from  the  Project  site.  The  tailwater  ratings  were 
developed  from  field  survey  data  which  has  been  collected  from  a 2.5  mile 
downstream  reach.  A high  and  a low  Manning's  n value  was  used  in  both  the 
main  channel  and  the  overbank. 

These  values  represent  the  extremes  of  practical  values  which 
might  occur  in  the  river,  and  were  assumed  to  be: 

High  n 

Main  channel  .035 

Overbank  .060 


Low  n 

.028 
. 0A0 


I V-3 


. 


REFERENCES 


1)  U.S.  Bureau  of  Reclamation,  "Memorandum  on  Inflow  Design  Flood 
Study  --  Ho  1 e- i n - the-Wa 1 1 Dam  Site  --  Powder  River  Basin,  Wyoming," 
March  9,  1965- 

2)  United  States  Weather  Bureau:  Climatological  data,  "Daily  and 

Hourly  Precipitation  Data." 

3)  United  States  Geological  Survey,  Surface  Water  Supply  Papers, 

Part  6-A,  "Missouri  River  Basin  Above  Sioux  City,  Iowa." 

4)  U.S.  Bureau  of  Reclamation,  "Design  of  Small  Dams,"  1965- 
Chapter  2,  Flood  Studies. 

5)  U.S.  Bureau  of  Reclamation,  "Feasibility  Inflow,  Design  Flood 
Study  for  Ho  1 e- i n- the-Wa 1 1 Dam  Site,"  from  James  No.  Horn, 

Regional  Project  Development  Engineer,  2/2/65* 

6)  U.S.  Bureau  of  Reclamation,  "Memorandum  on  Revised  Design 
Storm  --  Hoi e- i n- the-Wa 1 1 Dam  Site  --  Powder  River  Basin  --  Wyoming," 
November  2,  1964. 

7)  Data  on  the  June  7“8,  1964  Storm  in  Northwest  Montana  in  the 
Headwater  Drainage  of  the  Missouri  River,  furnished  by  Harold  Grout, 
USBR,  Denver. 

8)  "Isohyetal  Pattern  Storm  of  June  7 “ 8 , 1964  Northwestern  Montana," 
Received  6/27/67,  from  USBR,  Denver. 

9)  United  States  Geological  Survey,  Surface  Water  Records  of  Montana 

10)  U.S.  Department  of  Commerce,  Weather  Bureau,  "Climatological  Data 
Wyom i ng . 

11)  "Floods  of  June  1964  in  Northwestern  Montana" , U . S . Geological 
Survey,  Water-Supply  Paper  1840-B. 


DISCHARGE  IN  1000  C.FS.  PRECIPITATION  IN  INCHES 


Combined  Losses 
Excess  Precipitation 


TIME  IN  HOURS 
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FIGURE  IE -3 


V GEOLOGIC  SUMMARY 


INVESTIGATIONS 


The  geological  explorations  for  the  Tongue  River  Project  were 
carried  out  in  two  phases.  The  first  phase,  conducted  during  the  summer 
and  fall  of  1967,  explored  the  general  geology  of  the  project  area  and 
site  geology  at  the  existing  Tongue  River  Dam  and  two  new  downstream  sites. 
After  determination  of  project  storage  requirements  and  adoption  of  a plan 
for  development  at  the  Four  Mile  Creek  site,  a second  phase  of  specific 
site  geological  studies  was  made  for  the  High  Tongue  River  Dam  in  the 
summer  of  1968.  These  second  phase  studies  were  made  to  develop  additional 
specific  design  data  for  that  dam. 

GENERAL  GEOLOGY 


The  Tongue  River  is  one  of  many  rivers  that  flow  north  and  north- 
eastward from  the  northwest  trending  Continental  Divide  in  western  Montana 
and  northwestern  Wyoming.  It  originates  in  Wyoming  on  the  northeast  flank 
of  the  Big  Horn  Mountains,  a vertically  uplifted  fault  block  trending 
northwes twa rd  across  the  Montana-Wyomi ng  border.  After  leaving  the  Big  Horn 
Mountains,  the  r i ver  mea nders  across  the  Great  Plains  Province  to  its 
confluence  with  the  Yellowstone  River  near  Miles  City,  Montana. 

The  surface  of  the  Great  Plains  Province  in  the  vicinity  of  the 
Tongue  River  Project  is  composed  of  well  stratified  sedimentary  rocks  of 
continental  origin  deposited  during  erosion  of  the  ancestral  Rocky  Mountains. 
These  sedimentary  rocks  are  part  of  the  Fort  Union  Formation  which  is 
Eocene  in  age. 

Post-Eocene  mountain  building  resulted  in  uplift  and  formation  of  the 
Big  Horn  Mountains.  The  Tongue  River  came  into  being  and  began  eroding  its 
way  through  the  sedimentary  rocks  until  presently  it  has  downcut  several 
hundred  feet  below  the  original  plain  and  formed  the  Tongue  River  valley. 

The  Big  Horn  Mountain  uplift  upwaroed  the  western  edge  of  the  Fort 
Union  Formation  and  other  sedimentary  units,  but  the  deformation  did  not 
affect  the  beds  in  the  vicinity  of  the  Tongue  River  dam  sites.  These  strata 
are  essentially  flat-lying,  unfolded,  and  unfaulted. 

LOCAL  GEOLOGY 


From  the  Tongue  River  Dam  to  Four  Mile  Creek,  the  Tongue  River  has 
cut  into  the  Fort  Union  Formation  forming  a valley  from  100  to  350  feet 
deep  and  about  1300  feet  wide.  The  strata  of  the  Tongue  River  Member  of 
the  Fort  Union  Formation  are  well  exposed  in  steep  cliffs  along  the  river 
andconsist  primarily  of  siltstone,  sandstone,  and  an  unusual  sequence  of 
baked  sandstone  and  shale  and  some  coal  beds.  Several  coal  beds  in  the 
siltstone  unit  are  traceable  for  some  distance,  but  thicken  and  thin  along 
the i r outcrop . 

The  weathered  exposures  of  sandstone  are  typically  light  yellow 
to  buff  and  the  siltstone  is  light  gray.  Cores  of  unweathered  sandstone 
are  buff  to  light  gray  and  the  siltstone  is  gray  to  dark  gray. 
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The  Tongue  River  Member  is  a continental  deposit  and  possesses 
the  sedimentary  features  common  to  sediments  deposited  under  intermittent, 
torrential  conditions.  Features  such  as  variation  in  thickness  within  a 
relatively  short  ho r izontai  distance,  pinching  out  of  strata,  cross 
bedding,  and  cut-and-fill  structures  are  present  at  many  places  along  ^ * 
cliffs.  Rock  units  at  the  three  sites  investigated  generally  showed  consistency 

in  thickness  and  elevation  of  particular  beds  but  differences  were  observed. 

COAL  BEDS  AND  BAKED  ROCK 


The  portion  of  the  Tongue  River  valley  studied  lies  in  the 
northward  extension  of  the  Sheridan  coal  field.  The  coal  is  sub-bituminous 
with  several  beds  being  of  commercial  thickness  and  quality.  These  beds 
crop  out  along  the  cliffs  of  the  valley  and  are  easily  recognized. 

A unique  bedrock  feature  in  and  around  the  Tongue  River  valley 
is  the  presence  of  prominent,  resistant,  cliff  forming  exposures  of  baked 
sandstone  and  shale.  These  rocks  are  brick  red  to  salmon  color  as  a result 
of  baking  from  the  burning  of  underlying  coal  beds.  Sandstone  beds  have 
been  altered  in  color  and  hardness  but  are  still  recognizable  as  sandstone. 
The  siltstone  beds  have  been  hardened  in  some  cases  to  porcellaneous  shale 
and  fused  to  slag.  The  baked  rocks  are  locally  referred  to  as  "clinker" 
and  "scoria",  but  the  majority  of  the  rock  is  recognizable  as  sandstone 
and  shale. 


The  burned  coal  left  voids  that  induced  collapse  of  the  overlying 
baked  rocks  producing  collapse  breccia.  Cooling  of  the  baked  rocks  produced 
contraction  joints  and  horizontal  partings  along  incipient  bedding  in 
siltstone  which  furthered  breakdown  of  the  rock.  Because  of  the  many 
fractures  and  joints  the  baked  rocks  are  extremely  permeable,  but  yet 
resistant  to  erosion  because  of  their  hardness. 

The  coal  fires  burned  at  the  outcrops  and  where  overburden  was 
relatively  thin,  large  surface  areas  were  baked , but  where  overburden 
was  thick,  the  baking  extended  less  far  back  into  the  hill,  but  still  often 
for  several  hundred  feet.  The  vagaries  of  such  baking  are  exhibited  by 
rapid  lateral  change  from  baked  to  unbaked  rocks. 

The  strata  dip  south  beneath  the  floor  of  the  valley.  The  local 
coal  beds  with  engineering  and  geologic  significance  to  this  study  are  the 
Canyon  bed,  the  underlying  Wall  bed,  and  several  thin  local  beds  between 
these  two  main  beds.  In  exposure  these  beds  have  been  burned  and  have  been 
replaced  by  baked  rock.  However,  where  burning  did  not  take  place,  as  in 
the  subsurface,  the  beds  are  still  fresh  coal.  The  Wall  bed  dips  beneath 
the  Tongue  River  just  north  of  the  Four  Mile  Creek  site  and  is  not  exposed 
from  there  to  the  existing  dam.  The  thick  coal  bed  encountered  in  D H — 1 at 
the  High  Tongue  River  dam  site  and  DH 1 s 3,5,6,  7 and  8 at  the  Oxbow  site, 
is  believed  to  be  the  Wall  bed.  The  greatest  thickness  of  this  bed,  now 
baked  rock,  in  exposures  north  of  Four  Mile  Creek  is  32  feet,  but  where 
penetrated  in  drill  holes  at  the  Oxbow  site  it  is  5^  feet  of  coal  and  60 
feet  of  coal  beneath  High  Tongue  River  Dam  Site.  To  the  north  of  Four 
Mile  Creek  the  bed  thins  and  eventually  becomes  several  thin  beds  separated 
by  s i 1 ts tones . 
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Three  to  four  local  beds  ranging  in  thickness  from  one  to  four 
feet  are  present  in  the  vertical  interval  of  150  feet  above  the  river 
surface  and  whether  these  local  beds  are  continuous  from  the  existing 
Tongue  River  dam  to  Four  Mile  Creek  is  not  certain,  but  beds  having 
approx imate 1 y the  same  elevation  and  thickness  are  found  at  the  three  sites. 

The  Canyon  bed  is  baked  in  exposures  which  rim  the  valley  and  is 
easily  recognized  by  its  brick  red  color.  The  bottom  of  the  Canyon  bed  is 
generally  about  elevation  3A5O  to  3500. 

NATURAL  GAS  SEEPS 


Residents  along  the  river  in  the  vicinity  of  the  dam  sites  report 
seeps  of  natural  gas  bubbling  up  through  the  river.  The  bubbling  is  especially 
noticeable  during  low  stands  of  the  river  when  the  water  is  less  turbulent 
and  when  the  river  is  frozen  over.  The  gas  has  been  trapped  in  small  con- 
tainers and  when  ignited,  burns  with  a blue  flame. 

Five  locations  were  cited  where  natural  gas  has  been  reported 
in  the  river: 

1.  Near  the  U.S.G.S.  stream  gaging  station  below  the  dam. 

2.  Near  Mr.  Lee's  house  at  his  ranch. 

3.  Mr.  Thompson's  meadow. 

A.  Near  the  old  water  wheels  at  the  Oxbow  site. 

5.  At  High  Tongue  River  Dam  site  - Drill  holes  10A  and  105- 
HIGH  TONGUE  RIVER  DAM  SITE 


Phys i og raphy . The  site  is  about  6000  to  7000  feet  upstream 
of  the  confluence  of  Four  Mile  Creek  and  the  Tongue  River.  The  valley  floor 
is  from  700  to  1200  feet  wide  and  is  flanked  on  the  left  by  two  terrace 
levels  reaching  as  high  as  125  feet  above  the  valley.  On  the  right  A0  to 
A5  degree  slopes  as  high  as  300  feet  form  the  abutment.  The  sequence  of  bedrock 
units  consists  of  interbedded  sandstone  and  siltstone. 

Geologic  Exploration.  The  geologic  exploration  consisted  of: 

(1)  study  of  1 9 & 7 aerial  photographs;  (2)  subsurface  mapping  at  a scale 
of  1"  = 100',  shown  on  Drawing  669A-V-OO7 ; (3)  drilling  twelve  exploratory 
NX  core  holes;  and  (A)  the  measurement  of  five  stratigraphic  sections, 
and  the  drilling  of  fourteen  seven-inch  auger  holes. 

All  holes  at  High  Tongue  River  Dam  site,  except  at  the  right 
abutment  (DH-1,  DH-2  and  DH-A) , were  provided  with  a 1-1/2  inch  diameter 
coupling  and  plug,  set  in  a concrete  plug  at  the  top  of  the  hole.  These 
couplings  mark  the  hole  locations  for  future  use. 

S t rat i g raphy . The  uppermost  rock  unit  is  baked  sandstone  and 
shale  which  has  broken  down  to  form  talus  and  debris  aprons  at  the  base  of 
the  unit.  Underlying  the  baked  rock  unit  is  a siltstone  unit  containing 
some  minor  coal  beds  which  in  turn  are  underlain  by  a massive  sandstone 
sequence.  Beneath  this,  for  the  total  depth  drilled  is  another  siltstone 
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unit  which  contains  a 1 4-foot  thick  coal  bed  as  found  at  the  right 
abutment  ( DH- 1 ) . 

The  stratigraphy  is  illustrated  on  drawings  6694-V-008  and  008A. 

L i tho logic  Units. 

Alluvium.  Exploratory  drilling  indicates  that  the  silty  sand 
and  gravel  in  the  channel  section  is  as  thick  as  61  feet. 

Terrace  Depos its.  Two  nearly  flat  terrace  surfaces  are  present 
at  75  and  125  feet  above  the  valley  floor  on  the  left  side. 
Exploratory  drilling  indicates  that  these  sand  and  gravel  deposits 
range  from  10  to  20  feet  thick. 

Lands  1 j des . Several  slope  failures  exist  at  the  Four  Mile  Creek 
site,  the  most  prominent  of  which  is  a landslide  mass  in  the  vicinity 
of  DH-2.  Geologic  Section  A-A1  on  Drawing  6694-V-008  shows  a 
sequence  of  siltstone  and  coal  in  a stratigraphic  position  that 
should  be  occupied  by  massive  sandstone.  There  is  a seep  near  the 
upstream  end  of  the  slide  area.  Approximately  35  feet  of  talus  and 
debris  were  encountered  at  the  left  abutment  in  DH-6.  Other  slope 
failures  mapped  in  the  vicinity  indicate  that  several  types  of 
slope  failures  have  occurred  near  the  site. 

Bed  rock . Sedimentary  rocks  at  the  proposed  site  dip  about  5 
degrees  south.  The  uppermost  unit  is  baked  sandstone  and  shale. 
Underlying  this,  from  top  to  bottom,  the  strata  are:  siltstone 

containing  minor  coal  beds,  massive  sandstone,  and  siltstone  with 
sandstone  interbeds  and  two  thick  beds  of  coal. 

The  dam  abutments  will  be  generally  on  the  s i 1 ts tone-coa 1 and 
massive  sandstone  units.  These  units  are  generally  weathered  to 
depths  ranging  between  20  and  30  feet.  Below  the  weathered  zone, 
the  rock  contains  relatively  tight  joints.  The  channel  section 
will  be  in  alluvium  which  is  in  direct  contact  with  coal  and/or 
s i 1 ts  tone . 


Geologic  Structure.  The  geologic  structure  is  un comp  1 i cated  but 
there  is  a south  and  southwest  dip  consistent  with  the  southward  dip  of 
such  marker  beds  as  the  Wall  coal.  No  faults  or  folds  are  known  to  exist 
at  the  site. 

Prominent  nea r-ver t i ca 1 joints  control  the  shape  of  the  prominent 
cliff.  Joints  and  fractures  in  the  cores  are  less  frequent  and  tighter 
than  in  core  from  other  sites. 

Left  Abutment.  The  base  of  the  highly  permeable  baked  rock  is 
obscured  by  talus  and  slope  wash  but  DH-6  encountered  siltstone  bedrock 
at  elevation  3408  after  going  through  talus  and  baked  rock  as  determined 
by  cuttings.  Since  no  core  was  recovered  from  this  interval,  it  is  impossible 
to  tell  whether  the  baked  rock  is  in  place  or  is  talus.  Preconstruction 
drilling  is  required  to  clarify  this  question. 

The  gravel  and  sand  terrace  deposits  are  underlain,  in  descending 
order,  by  s i 1 ts tone-coa 1 and  massive  sandstone. 

River  Section.  The  700  to  1200  foot  wide  valley  floor  is  underlain 
by  27  to  61  feet  of  alluvium  as  determined  in  DH-3  and  DH  — 10 1 respectively. 
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The  underlying  bedrock  is  interbedded  siltstone  and  sandstone  with  layers 
of  coal  as  thick  as  57  feet.  (DH— 103) • The  depth  to  ground  water  ranges 
from  10  to  18  feet  (July  1988). 

Right  Abutment.  In  the  right  abutment  hill  the  base  of  the 
permeable  baked  rock  is  above  the  proposed  second  stage  spillway  crest 
elevation  and  reservoir  seepage  should  not  occur  through  this  rock. 

The  massive  sandstone  in  DH-A  appears  to  be  good  foundation  rock. 

Pressure  Tests.  Pressure  tests  show  that  water  losses  in  the 
weathered  rock  were  20  to  30  gpm  per  20  foot  test  increment  using  1 pound 
of  pressure  per  foot  of  hole.  There  was  essentially  no  water  loss  in  the 
unweathered  rock. 

Coal  Beds.  Several  core  holes,  drilled  in  the  river  section  area, 
encountered  coal  as  shown  on  Geologic  Sections  A-A1,  B-B1,  and  F- F ' . The 
intervals  of  coal  in  the  holes  ranged  from  31  to  57  feet  although  the 
greatest  thickness  of  the  coal  may  be  60  feet  plus  or  minus  5 feet. 
Correlation  of  logs  of  all  holes  in  this  area  is  somewhat  difficult  as 
the  bedding  is  lenticular  and  abrupt  facies  changes  have  occurred.  Channel- 
cutting was  probably  taking  place  contemporaneously  with,  or  just  after, 
deposition  of  materials  other  than  carbonaceous  sediments.  Examples  of 
this  channel  cut-and-fill  process  have  been  observed  on  Tongue  River 
upstream  from  the  existing  dam.  Lensing  and  thinning  of  bedding  can  be 
seen  in  the  right  abutment  at  the  Four  Mile  Creek  site.  It  is  not 
believed  that  faulting  has  caused  the  differences  in  elevation  of  similar 
lithologies  as  no  surface  evidence  has  been  found  to  substantiate  such  a 
hypotheses . 

A deep  coal  layer  57  feet  thick  was  found  in  DH - 1 03  at  a depth 
of  133  feet  below  the  g round  surface  in  the  river  channel  section. 

It  is  improbable  that  a thick  coal  stratum,  along  Geologic  Section 
A-A1,  is  present  from  channel  centerline  westward  to  the  left  abutment. 

Coal  is  present  under  the  right  channel,  and  right  abutment  as  well  as 
upstream  from  the  axis.  In  most  holes  encountering  coal,  alluvium  is  in 
direct  contact  with  the  coal  and  the  original  upper  surface  of  the  coal 
has  been  eroded  away.  Evidence  for  this  is  the  large  percentage  of  coal 
debris  disseminated  within  the  alluvium. 

The  lenticular  nature  of  the  bedrock  strata  is  illustrated  by 
Geologic  Sections  A-A',  B-B1  and  Figure  V-l.  The  same  type  of  1 ent i cu 1 a r i ty 
downstream  of  High  Tongue  River  dam  axis  is  suggested  by  drill  holes  showing 
bedrock  other  than  coal  underlying  the  channel  deposits. 

The  cores  obtained  in  1 3 6> 7 were  re-examined  in  1988.  Some  of 
the  strata  previously  logged  as  siltstone  and  closely  associated  with  the 
coal  beds  had  slaked  in  the  exposed  core  boxes.  A sample  was  tested  and 
found  to  be  clay  shale. 
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SEISMICITY 


The  area  of  the  Tongue  River  is  not  considered  to  be 
seismically  active.  During  the  period  of  record  from  1852  to  1 96 6 , 
only  one  earthquake  of  intensity  V or  greater  has  had  an  epicenter  within 
a 75-mile  radius  of  the  dam.  This  was  an  intensity  V shock  in  1925 
with  its  epicenter  about  38  miles  south  of  Sheridan,  Wyoming. 

The  Seismic  Regionalization  Map,  Drawing  6694- V- 010,  in  the 
supporting  data  shows  the  eastern  half  of  Montana  to  be  in  a maximum 
intensity  zone  of  VII  which  is  one  of  the  lower  in  the  country. 

The  Seismic  Probability  Map,  Drawing  6694— V- Oil,  in  the 
supporting  data  shows  the  site  to  be  in  Zone  1 where  damage  would  be  minor. 

The  closest,  most  recent  major  earthquake  occurred  at  Hebgen 
Lake  on  August  17,  1959-  The  shock  had  a Modified  Mercal 1 i intensity  of 
X at  the  epicenter  which  was  located  about  225  miles  west  of  the 
Tongue  River  Dam. 

An  earthfill  dam  in  the  Tongue  River  area  would  sustain  little 
damage  from  an  earthquake  of  intensity  VII  whose  epicenter  was  in  the 
dam  area.  The  probability  of  such  a quake  occurring  is  satistically 
low.  It  is  recommended  that  a horizontal  seismic  factor  of  10%  be  used 
for  design. 

GEOLOGIC  CONCLUSIONS 

The  geologic  conditions  present  at  High  Tongue  River  Dam  have 
been  explored  and  were  found  to  be  suitable  for  construction  of  a dam 
of  the  proposed  height. 

The  foundations  are  relatively  strong.  However,  strata  of 
baked  rocks  are  highly  pervious  and  coal  layers  are  expected  to  be 
moderately  pervious.  Therefore  seepage  control  must  be  provided  for 
both  these  materials.  It  is  anticipated  that  a combination  of  grouting 
and  downstream  dra  i nage  i ncl ud ing  relief  wells,  will  provide  effective 
seepage  control . 

The  lithologic  characteristics  of  the  rock  indicate  generally 
low  permeability.  But  since  there  are  local  more  permeable  strata  a 
grout  plan  and  procedure  was  designed  to  reduce  this  permeability  to  an 
acceptable  minimum. 

The  cost  estimate  for  grouting  is  based  on  the  assumption  that 
grout  holes  70'  - l40‘  deep  with  initial  spacing  of  10  feet  and  closer 
spacing  of  5 feet  and  a grout  acceptance  of  about  1 cu.ft.  of  cement 
to  each  lineal  foot  of  grout  hole  will  be  adequate.  This  figure  does 
not  include  a grout  extension  into  either  abutment. 
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EXPLANATION 
k *1  Talus  + Slope  Wo»h. 

1*  ° 1 Silt,  sond,  grovel  ond  boulder*  derived  from 
weofherlng  ond  breakdown  of  *teep  dope* 
rerri  Qol 


Alluvium  *llr,  *and  ond  gravel  In  river  bottom 
and  lowland* 

Col  + Oai 

Colluvium  ♦ Alluvium  locally  derived  dope 
wa*h  merging  with  alluvium 
Of 

River  terrace  depodt*  *llt.  *and  and  gravel; 
chorocterlzed  by  well  rounded  predominantly 
sedimentary  gravel  ond  distinctive  igneous  gravel 

Baked  Ss ♦ Sh 

Locally  referred  to  as  "clinker"  ond  'scoria*  red 
baked  sondstone  ond  shole,  plofy  to  closely 
broken  ond  Jointed;  some  vesicular  'scoria*  has 
distinctive  red  brick  color*  extremely  permeable. 
Slst: 

Siltsfone  gray  lamlnoted  to  mosslve  commonly 
closely  broken  ond  Jointed;  yellow  staining  and 
occasional  gypsum  filling  In  Joints*  some  cloyey 
beds,  ravels  when  weathered:  contains  cool 
beds  and  some  carbonaceous  siltsfone  beds 
Coal: 

Black  crumbly.  Includes  earthy  coal  and  other 
prominent  carbonaceous  beds,  coal  beds 
range  from  < 1.0"  to  >4"  in  thickness 

Ss 

Sandstone;  buff  to  gray  very  fine- to  medium- 
grained  with  some  coarse-grolned  sequences; 
weakly  to  moderately  well  cemented  strata; 
mosslve  to  thinly  bedded  with  occasional  cross 
bedded  sequences  relatively  free  of  Joints  ond 
fractures;  contolns  little  to  no  coal 


SYMBOLS 


Line  of  Geologic  Section 


? Line  of  Meosured  Stratigraphic  Section 

1967  Or i II  Hole 

I960  Drill  Hole  (100  Number  Series) 

— 7 Geologic  contact;  dashed  where  inferred,  queried 

where  doubHul 


Geology  mapped  July  1967 


REFERENCE  DRAWINGS 

I.  Stratigraphic  sections  shown  on  Dwg  no  6694-3T-009 
? Geologic  sections  shown  on  Dwg  no.  6694-3C-008 


Topographic  Mop 
by 

R M TOW  ILL.  CORP 
Ooie  of  photogrophy  Juns  26,  1967 
ZOO  0 ZOO  400  Fsst 

Contour  Interval  5 Feel 
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_X  Line  of  Geologic  Section 
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1 1966  Drill  hole 
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WIT 
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HIGH  TONGUE  RIVER 
MEASURED  STRATIGRAPHIC 

DAM 

SECTIONS 

TONGUE  RIVER  PROJECT 
MONTANA  WATER  RESOURCES  BOARD 


HELENA,  MONTANA 

APPROVED _ DATE 

6694  6694 -Y- 009 


DRILL  HOLE  I 

Elav.  3446 
N 50481,  E 99736 


3446 


3436 


3426 


3416 


3406 


3396 


3386 


3376 


3366 


3356 


3346 


3336 


3326 


3316 


3306 


3296 


3286 


3276  - 


SILTSTONE  gray,  massive 

40-  -2  j-  Coal  fragments 

SANDY  SILTSTONE  groy  with  rust 
streaks,  very  fine  sond,  weakly  cemented, massive 
SILTSTONE  gray,  laminated  to  massive , 
moderately  firm 

SANDSTONE  light  gray  , fine  groined, 

1 well  cemented,  hard, massive 
L SILTSTONE  gray,  cloyey, massive, moderately  firm 
Light  gray  cemented  slltstone 
Light  groy;  fine  grained,  well  cemented  sandstone 
-r  SANDSTONE  rust  and  light  gray,  fine  grained, 
----- well  cemented. 

- 1 SILTSTONE 

SILTY  SANDSTONE  flight  gray,  very  fine  to  fine 


170-  _ 


TALUS  AND  SLOPE  WASH 
red,  baked  sandstone  fragments  in 
red  silty  matrix,  permeable,  scattered 
boulders 


groined, massive, moderately  cemented 
SILTSTONE  dork  gray  to  gray,  massive 


SANDSTONE  light  gray  to  rust,  fine  to  medium  grained, 
massive , moderately  cemented 

SILTY  SANDSTONE  gray  brown , very  fine  to  fine  sand  , 
soft.weokly  cemented,  massive 
SANDSTONE  light  gray  to  gray  brown,  soft,  weakly 
cemented,  fine  to  medium  grained,  mossive. 

Silty 

Coarse  grained 
Soft 

Dark  brown  to  black  carbonaceous  material 
- Soft 

Coarse  grained 

SILTY  SANDSTONE  gray  brown,  very  fine  to  fine 
sand,  very  silty,  soft,  weakly  cemented , mossive 
-Light  gray,  thin  slltstone  interbeds 


- Fine  to  medium  grained 
Less  silty,  very  tine  to  fine  grained,  moderately 
cemented  , massive,  some  black  laminae 


- Some  thin  silty  laminations 
-Few  fractures 


SANDY  SILTSTONE  light  groy,  very  fine 
sand,  massive,  moderately  cemented 


SILTSTONE  arov.  small  amount  of  very 
fine  sand, occasional  carbonaceous, 

"V  laminations,  mossive 


3236  210  - 


jr SANDSTONE  light  gray, very  fine  to 

fine  groined  with  some  streoks  of  mediur 
sandj mossive,  dark  gray  laminations 
SILTSTONE  groy  to  dark  groy, 
frequent  cool  laminae 

COAL  black,  blocky 


DRILL  HOLE  2 

Elev  3368 
N 51340,  E 99800 


DRILL  HOLE  3 

Elev  3282 
N. 50770, E. 99260 


Loose  fill  in  dozer  road 

SILTSTONE  gray  to  dark  groy  , 
soft,  mossive 


- Rust,  silty,  very  fine  sandstone 


3358  30  - — SANDSTONE  jay  brown  to  rusty 

g brown,  fine  to  medium  groined, 

weakly  to  moderately  cemented, 
fractured. 

COAL  black,  blocky,  brittle 
‘-CARBONACEOUS  SILTSTONE  dork  gray, 
laminated, soft  to  moderately  firm 
HP  J- COAL;  black,  blocky.  brittle 

SILTSTONE  dark  gray,  massive,  laminated, 
--^--1  moderately  firm 
LCoal 

Light  gray  .concretionary  siltstone,  hard 


3338  50 


3308  80  . 


3298  - 90- 


- SILTY  SANDSTONE  arov  fine  to  medium 
Zl  grained,sm  amt.  of  silt,  mo  cemented  unfractured 
, ‘-COAL1  black , crumbly , loose 
I1- SILTSTONE  , laminated  .moderately  firm 

SILTY  SANDSTONE1  light  gray,  very  fine  to  fine 
sand, moderately  firm, massive 
SANDSTONE  light  gray,  fine  grained,  some  dark 
_ - gray  laminations, mossive, moderately  firm  to  weakly 
cemented,  some  soft  zones 
Silty 

Soft,  weakly  cemented,  parts  along  lominations 


- Lignite  seam 

Fractured, very  weakly  cemented 


ALLUVIUM:  RIVER  DEPOSITS  dark  gray, 
platy  gravel,  sand, silt,  and  clay,  layers  of 
coal  debris 


SILTSTONE  gray,  laminated  , soft, saturated 


SILTY  SANDSTONE  gray, fine  grained, 
silty  and  carbonaceous  laminations, 
moderately  firm,  mossive. 

^SILTSTONE  gray,  laminated 
SANDY  SILTSTONE  gray, very  fine  grained, 
mod.  cemented, hard 

SANDSTONE  light  groy.f  grained, moderately 
cemented,  hard 

SILTSTONE  gray,lominafed,massive,  firm. 

- COAL  block,  blocky. 

-CLAYEY  SILTSTONE  groy,mossiveisoft 
SILTY  SANDSTONE  light  gray  , fine  grained, 
massive  with  some  laminotions  of  silt,  firm 

CLAYEY  SILTSTONE  groy, soft, semi- 
plastic, corbonaceous  layer  at  base 
~ SILTSTONE aray,mo3sive.firm. relatively  free 
of  fractures 

SANDSTONE  gray, very  fine  to  fine  grained, 
laminations, massive, well  cemented, hard, relatively 
free  of  fractures 


8_ 
’ # _ 

? 


3258  130 


3248  - 140 


- Well  cemented,  hard 


Moderately  to  weakly  cemented.some  silty  laminae 
Well  cemented  , hard 

Moderately  cemented, some  silty  laminoe , fractured 


Some  silty  laminalions 
Very  fine  to  fine  grained 
- High  angle  fractures 

SANDY  SILTSTONE  dork  gray,  some  very 
fine  to  fine  sand,  massive  w/some  laminations, 
moderately  firm 

SILTY  SANDSTONE  gray,  very  fine  to  fine  sond,  dark  groy 
siltstone  laminalions,  weakly  to  moderately  cemented  , mossive 

SANDSTONE  gray,  fine  to  medium  grained  , weakly 
cemented , massive  , some  dork  gray  lominations,  fractured 
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3428 


3418 


3408 


3398 


3388 


3378 


3368 


3358 


3348 


3338 


3328 


3318 


3308  - 


3298 


3288 


3278  - 


32  6 8 - 


3258  - 


3248 


DRILL  HOLE  4 

0ev  3428 
N 48935, E 98206 


DRILL  HOLE  5 

Elev  334  3 
N 51240,  E 98240 


DRILL  HOLE  6 

Elev  3432 
N 51563,  E 97080 


T]H|  COAL  block,  crumbly,  two  other 

cool  beds  m cut  bonk  above  top  of  hole 

S~  -ciiTcrnwr  n.1.1  


DRILL  HOLE  7 

Elev  3278 
N 52175, E 98420 


s|S 


es 


3-  — 


SILTSTONE  light  groy  to  gray  , lominoted 
to  mossive,  parts  on  horizontal  surface, 
some  buff  sandy  silt  stone  layers 
, Soft  seam. 

Buff  sandy  slltstone,  froctured 
SAM)STONE  light  gray,  fine  tomed 
grained,  well  cemented, massive 
A -.LRost 
LGray 

Concretionary  rust  slltstone 
Gray 

- Rust  concretionory  siltstone 
Rust  concretionary  siltstone 
COAL  block,  crumbly 

- L|  _ Layer  of  rust  sondstone 

- Cool 

^rj  _ Some  very  fine  sand 

SANDSTONE  light  groy,  very  fine 
to  fine  sond,  silty , weakly  to  moderately 
cemented,  massive,  unfractured 


0. 


her! 

S; 


o-- 


-|  - Well  cemented 
~ Silty  streaks 
- Well  cemented)  fractured 
Weakly  cemented 
Light  brown  to  buff. 

L Soft,  very  weakly  cemented,  fractured 
~ Light  groy  brown,  soft,  fractured 


fc  K— - 

8P__ 


- Fractured 

Carbonaceous  laminotions 
Soft,  very  weak,  medium  graned 

- Soft  zone 

Medium -to  coarse  grained 
Light  groy 
Medium  -grored 
—Gray  brown 
Lj^ool  seam 
Medium -groined 
Froctured 
-tLCoorse  groined 

Medium  to  coorse -grained 
^Fractured 


3243  - 100- 


BS: 


TERRACE  DEPOSITS  upper  portion 
tine  to  medium  sand  with  small  amt.  of 
silt  - clay,  permeable,  some  caliche,  bottom 
portion,  cleon  fine  to  medium  sond  with 
well  graded  platy  to  subround  sedimentary 
gravel, scattered  cobbles  and  boulders, some 
igneous  material  buff  to  rust  and  reddish  brown 


SILTY  SANDSTONE  buff,  very  fine  to 
I fine  sand 

' - SANDY  SILTSTONE  buff  to  light  gray, 
very  fine  sand, massive  with  some  lamrofion, 
firm 

L SILTSTONE  _groy,some  very  fine 
sond,  mossive  with  some  laminations, firm 

SANDSTONE  it.  gray  to  gray,  very  fine -to 

- fine  gained,  block  laminations,  massive, 

moderotely  cemented  , 

- Well  cemented 

-Silty,  buff  to  brown,  soft 
-i  SILTY  SANDSTONE  gray  brown,  weakly 
cemented  to  soft,  very  fine  - to  fine  - graned 
T Soft,  ports  along  horizontal  bedding  7 

LBlue  gray,  soft,  silty 


Thin  bed  of  buff  sondstone 
Firmer, less  silty 

- Layer  of  carbonaceous  material 
Layer  of  sandy  siltstone 
Carbonaceous  loyer 
-Groy,  block  lominotions.mod  cemented, 
some  silty,  yellow  blebs 

SILTSTONE  gray  .massive,  clayey 


Some  thin  sandy  layers 


2-  30-  ; 


*2 

tssg 


SILTSTONE  . gray  .massive  , dayey 
-COAL  block:  crumbly 
SILTSTONE  dark  gray , clayey, massive  to 

Lfirm,  unfractured 

Black  carbonaceous  material,  soft 


TALUS  AND  SLOPE  WASH  soil,  rock 

debris 


SANDSTONE  AND  SHALE  red  and  reddish 
brown,  closely  broken,  baked  rock  , Talus - 
not  in  ploce 


▼ 

7 

=-- 

- 

* 

Li± 

ALLUVIUM  silt,  sand.and  grovel 


SANDSTONE  light  groy,  flne-to  medium-grained, 
small  amoirt  of  silt,  weakly  cemented,  massive, 
few  fractures 


Fracture  zone 
Carbonaceous  laminations 


SANDSTONE  : It.  gray  togray,vf-to  fine-gained, 

well  cemented  , massive,  hard , fract  - some  froctures  cemented 


Layer  of  sandy  siltstone 


- Cemented  sandy  siltstone 

- Fine  to  medium  sandstone 

- Layer  of  cemented,  fine  sandstone , fractured 

- Coal 

Concretionary  siltstone 
COAL  black,  blocky,  fractured 
Some  sandy  laminae 
COAL  black,  crumbly 

COAL  AND  CARBONACEOUS  SILTSTONE 

SILTSTONE 

SANDSTONE  It  gray,  very  fine-grained  .well  cemented, hard, massive 
I SILTSTONE 
-Well  cemented  siltstone 
3-  Well  cemented  siltstone 

- SILTY  SANDSTONE  light  gray,  very  fine  to  fine, silty,  well  cemented 


n ' SILTSTONE 

L< - 


SILTY  SANDSTONE  It  groy,  very  fine,  hard, fractured 


_ SANDSTONE  gray,  very  fine  to  fine , massive 
SILTSTONE  gray , laminated 

1-s. 


■ANDSTONE  It  groy,  very  fine, massive,  well  cemented 
SILTY  SANDSTONE  It  gray,  v f to  fine,  block  laminations, 
moderately  cemented,  massive 

SANDSTONE  It  gray,  fine  to  medium,  block  laminations, mod  cemented 


/Vofa  See  sAeef  3 far  e jt/j fa /?a  //of) 


150- 


2' 


-rGroy , coarse  grained, massive 
Block  carbonaceous  laminations 
Black  carbonaceous  lommotions 
Block  carbonaceous  siltstone. 
Froctured 
- Soft 

^Streaks  of  gray  slltstone 
^ Siltstone  layer 
Lfirown,  coarse  groined  with  light 
groy  fine-groined , well  cemented 
interbeds 


SILTY  SANDSTONE'orav.  f,ne-gra.ned. 
some  siltstone  laminations, mod  cemented, massive 
SANDSTONE  light  goy,  fine  to  medium  -grained , 
moderotely  cemented  .some  dark  gray  laminotions, 
mossive 

Well  cemented,  hard 


Layer  of  silty  sandstone 

Medium  groined , weakly  to  moderotely  cemented 
TD  1835  
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DRILL  HOLE  101 

Elav  3298 
N 50102,  E 97751 


DRILL  HOLE  102 

Elav  3 27  9 
N 49371,  E 98080 


•’  1 

23 

64 

z — 

- 50 

S - . 

_47 

z ^7 

100 

g7- 

99 

z-7 

-47 

gr-. 

77 

Z.L_ 

-35 

ZjTT 

25 

77  ~ 

-441 

100 

4' 

1 

| 

■ 

■ 

■ 

[ 

sM 

!B_ 

rL  .. 
t — 

ALLUVIAL  DEPOSITS  SANDY 
SILL  I'flM  ton,  damp,  moderately 
firm. 


COAL  block,  broken,  brittle,  many 
vertical  fractures 


SANDSTONE  and  SILTY  SANDSTONE 


SILTSTONE 

-Thin  coal  seam 


3239  -40  ] 


ALLUVIAL  DEPOSITS  SILTY  .SAND 

and  GRAVEL  brown,  fine  sand, 
moderate  amount  of  silt,  soft, 
scattered  coarse  gravel. 


CARBONACEOUS  SILTSTONE 


COAL  block,  broken,  brittle 


SANDY  SILTSTONE  and  SILTY  SANDSTONE 

SILTSTONE  and  THIN  SANDSTONE 
LAMINAE 


TD  950 


3281 

3271- 

3261 

3251 

3241 

3231 

3221 

3211  - 

3201 

3191  - 

3181 

3171  - 

3161 

3151  - 

3141 

3131  - 

3121  - 


DRILL  HOLE  103 

Elev  3281 
N 50942,  E 98892 

ALLUVIAL  DEPOSITS  SANDY 

SILT  dark  brown,  very  fine  sand, 
SILTY  SAND 


Cemented  gray  silt  stone  boulder 
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SILTSTONE  groy,  weathered, 
massive,  soft 


Open  fracture  zone 


Soft  clay  seam 
High  angle  fractures 

SILTY  SANDSTONE  with 
SILTSTONE  INTERBEDS 


Silt  stone  loyer 

SILTSTONE 


COAL  black,  blocky,  fractured 
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DRILL  HOLE  NO. 

Surface  Elevation 
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6694  - ¥ - 014 


3268 


3258 


3248 


3238 


32  2 8 


3218 


3208 


3198 


3188 


3178 


DRILL  HOLE  104 

Elev  326  8 
N 50617,  E 99334 


ALLUVIAL  DEPOSITS  WELL 
GRADED  SAND  with  GRAVEL 


SILTSTONE  light  groyi  soft 
COAL  block,  blocky , fractured 


Soft  searDi  crumbly,  open 


SANDY  SILTSTONE : light  gray, 
mossive  with  corbonoceous  lominoe, 
some  soft  seams 


: 


COAL  block 

SILTSTONE:  dark  gray 
-r  CARBONACEOUS  SILTSTONE 
- CONCRETIONARY  SILTSTONE 
SILTSTONE 
SANDSTONE 

SILTSTONE  carbonaceous  laminations 
CARBONACEOUS  SILTSTONE 
SILTSTONE  thin  inter  beos  of  fine 
grained  sandstone 
^TOOAL  black,  blocky,  fractured 
SILTSTONE 


DRILL  HOLE  105 

Elev.  328  2 
N.  50395,  E 98997 


TO  149  4 


DRILL  HOLE  106 

Elev  3292 
N 50492,  E.  98405 

3292  - 0 -j  it:  COLLUVIUM:  light  brown  sitty  sand 


50 

X 

22 

21 

X 

10 

17 

2 

COAL  black,  wet 


DRILL  HOLE  107 

Elev  32  8 8 
N 50444,  E.  98445 

COLLUVIUM  SILTY  SAND 


SILTSTONE  (?)  light  gray, damp 
COAL 


DRILL  HOLE  108 

Elev.  3285 
N 50763, E 98645 


0- 

COLLUVIUM  SILTY  SAND  3280  0 

34 

19 

16 

23 

7 

10- 

— 1 

3270  10  - 

: 

▼ 

12 

7ft 

36 

WEATHERED  SANDSTONE 

20- 

4' 

X. 

Same  thin  siltstone  interbeds  3260  20- 

100 

Z 

-?X 

TO 

22  0 

XX 

3250  30 

DRILL  HOLE  109 

Elev  3280 
N 51022,  E 98673 

ALLUVIUM  SILT 


SANDSTONE  (?)  soft  at  top, 

silty 

SILTSTONE  gray,  massive,  dampi 
moderotely  firm  to  firm 


DRILL  HOLE  110 

Elev  3281 
N .51211,  E 98780 

ALLUVIUM 


36 

11 

3 

10 

■ — 

5 

66 

Vz 

20 

30 

100 

4’ 

M>/e  See  sAee/  S for  eje/o/d/jj/zo/? 


SILTSTONE'  gray,  soturoted,  soft 
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VI . CONSTRUCTION  MATERIALS 


BORROW  AREA  EXPLORATIONS 


The  borrow  area  investigation  was  conducted  between  July  10,  1967 
and  September  16,  1967-  The  investigation  consisted  of  excavating 
pits  with  a backhoe  to  depths  up  to  13  feet  or  until  water  conditions 
or  bedrock  made  digging  impractical.  The  average  pit  depth  was 
approximately  11  feet  and  the  sides  of  the  pits  were  logged  and  sampled. 
Bags  of  soil  representing  the  different  classifications  were  taken 
from  the  sides  of  the  pits  and  the  pits  backfilled.  The  borrow  in- 
vestigation was  conducted  for  two  locations;  the  existing  Tongue  River 
Dam  and  the  Four  Mile  Damsite.  Detailed  descriptions  of  these  ex- 
plorations are  described  for  each  site  in  the  following  sections. 

TONGUE  RIVER  DAM 


Explorations  for  borrow  materials  were  conducted  in  the 
valley  along  Leaf  Rock  Creek,  on  the  Left  Abutment 

and  in  Borrow  Areas  A,  B,  C and  E.  Photo-contour  maps  of  these  borrow 
areas  as  well  as  the  logs  and  soil  test  data  are  presented  in  the 
Supporting  Data. 

The  Leaf  Rock  Creek  borrow  area  is  approximately  8000  feet  long 
by  600  feet  wide  and  composed  of  an  alluvial  filled  valley  overlain  by 
fine-grained  material.  A total  of  8 backhoe  pits  were  dug  in  this 
area,  and  the  logs  are  shown  on  Drawing  No.  669^+-V  I - 009  * The  fine- 
grained materials  are  clays  and  silts  mixed  with  fine-grained  sands 
usually  being  of  low  plasticity  and  with  layers  of  clean  sands  and 
gravels  scattered  throughout.  Generally  this  finer  material  appears 
to  be  at  least  12  to  13  feet  deep  in  the  lower  portion  of  the  valley. 
In  the  upper  2000  feet  of  the  valley,  the  fine-grained  material 
decreases  in  thickness  to  only  about  a foot. 

The  left  abutment  and  Borrow  Areas  A and  B contain  gravelly 
materials.  The  logs  of  pits  from  these  areas  are  shown  on  Drawing 
No.  669A-VI-010.  At  the  left  abutment  there  are  8 to  10  feet  of 
gravel  above  the  bedrock  but  the  area  is  small  and  represents  only  a 
small  quantity.  Borrow  Areas  A and  B are  relatively  small  and  the 
water  table  is  near  the  surface.  The  area  consists  of  sandy  gravel 
of  unknown  depth  covered  with  3 to  7 feet  of  silts  and  silty  sands. 
Because  the  gravel  would  have  to  be  removed  from  below  the  water  table 
and  the  apparent  small  quantity,  these  areas  were  not  considered  to 
be  of  great  importance  other  than  perhaps  for  filter  or  aggregate 
product i on . 

Borrow  Area  C is  a generally  level  field  adjacent  to  the  river. 
Three  pits  in  this  area  indicate  silty  and  clayey  sandy  gravels  over- 
lain  in  some  parts  by  A to  5 feet  of  silty  clay  (logs  are  shown  on 
Drawing  No.  669A-V I -01 1 . ) The  clayey  material  is  of  small  quantity. 
Gravelly  material  would  require  processing  to  be  used  as  filter, 
drain  or  aggregate  material. 
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Borrow  Area  E is  divided  into  a lower  flat  portion  and  a terraced 
portion.  Four  pits  in  the  flat  portion  indicated  8 to  11  feet  of 
clayey,  silty,  sandy  soil  averaging  approximately  9 feet  in  depth. 

(See  logs  on  Drawing  No.  6694-V I -0 1 1 ) . Pits  in  the  terraces  indicated 
sandy  gravel  with  some  fines. 

HIGH  TONGUE  RIVER  DAMSITE 

Borrow  Areas  G.  H,  I , K,  L,  M,  N,  P,  R and  two  far  removed  areas, 

D and  Post  Creek,  were  all  investigated  as  sources  of  material  for  the 
High  Tongue  River  damsite.  Quantities  of  materials  and  tncir  distance 
from  the  damsite  are  shown  on  Table  V I - 1 . Borrow  area  maps  and  logs  are 
presented  in  the  Supporting  Data. 

Borrow  Area  R is  a large  field  with  a low  level  portion  and  a 
terraced  portion.  A total  of  10  pits  were  dug  and  the  logs  are  shown 
on  Drawing  No.  6 6 3 4 — V I -0 1 8 . The  level  portion  is  composed  of  clay  and 
silt  and  silty  sand  overlying  clean  sand  and  gravel.  The  fine-grained 
material  is  of  medium  to  low  plasticity  and  stratified  with  thin  sand 
and  gravel  layers  and  ranges  in  depth  from  4 feet  to  12  feet  and 
averages  10  feet  deep.  The  terraces  are  composed  of  fairly  clean 
sandy  gravel  and  should  average  8 feet  deep.  This  sandy  gravel  would 
reguire  some  processing  but  is  generally  cleaner  than  in  other  areas. 

Borrow  Area  P is  in  the  dam  foundation  area  and  also  has  a low 
level  portion  and  a terraced  portion.  Drawing  No.  6694-VI-017  shows 
the  logs  from  this  area.  In  general,  the  level  area  is  silty  sand 
and  silty  gravel  overlain  by  2 to  5 feet  of  sandy  silt.  The  terraced 
portion  contains  silty  sandy  gravel  and  extends  to  depths  up  to  12  feet 
or  greater  on  the  tops  of  the  terraces  and  averages  about  eight  feet. 
Processing  would  be  regu i red  to  produce  filter,  drain  or  aggregate 
materials. 

Borrow  Areas  M and  N are  two  generally  level  fields  adjacent  to 
the  river.  Two  pits  were  dug  in  each  field  and  their  logs  appear  on 
Drawing  No.  6694-V I -0 1 6 . M is  composed  of  approximately  8 feet  of 
sandy  slightly  clayey  silt  overlying  sand  and  gravel  with  the  silt 
stratified  with  thin  sand  and  gravel  layers.  N is  composed  of  approx- 
imately 10  feet  of  silty  gravelly  sand  generally  stratified. 

Borrow  Area  Lisa  large  level  field  wh i ch  1 ies  between  the  toe 
of  the  slope  and  the  river.  Eight  pits  were  excavated  in  this  area 
and  their  logs  are  shown  on  Drawing  No.  6694-V I -0 1 5 • The  area  is 
composed  primarily  of  clays,  silts  and  silty  sands.  The  clayey 
material  nearer  the  toe  of  the  slope  is  11  to  12  feet  in  depth  and 
overlying  sands  and  sandy  gravel.  The  soil  near  the  river  tends  to 
be  sandier  and  5 to  10  feet  deep  above  the  sandy  gravel.  However, 
the  fine-grained  material  should  average  at  least  9 feet  in  depth. 

Borrow  Area  K is  a small  level  field.  Drawing  No.  6694-VI-013 
shows  the  logs  of  4 pits  excavated  in  this  area.  The  material 
consists  of  sand  and  sandy  gravel  overlain  by  clays,  silts  and  silty 
sands.  The  fine-grained  soils  range  from  4 feet  to  12  feet  and  should 
average  10  feet  deep. 
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SUMMARY  OF  BORROW  AREA  QUANTITIES 
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Borrow  Area  H is  made  up  of  an  alluvial  fan  portion  and  a terrace 
portion.  Drawing  No.  6694-VI-013  shows  the  logs  of  6 pits  in  this 
area.  The  material  is  mostly  sand  and  gravel  with  fines  which  would 
regu i re  that  the  gravel  be  processed  for  use  as  filter,  drain  or 
aggregate.  The  gravelly  material  ranges  in  depth  from  6 feet  to 
13  feet  and  should  average  8 feet  deep. 

Borrow  Area  G is  made  up  of  a low  generally  level  portion  and  a 
terraced  portion.  Five  pits  were  dug  in  the  lower  portion  and  four 
pits  were  dug  in  the  terraced  portion.  Their  logs  are  shown  on 
Drawing  No.  6694-V I -0 1 2 . The  terraced  portion  consists  of  sandy 
gravel  overlain  by  2 to  6 feet  of  silty  clay  and  clayey  silt.  There 
should  average  7 feet  of  sand  and  gravel.  The  lower  portion  is 
composed  of  sand  and  gravel  overlain  by  4 to  9 feet  of  silty  clay  and 
clayey  silt.  There  should  be  approximately  4 feet  of  fine-grained 
material  and  4 feet  of  sand  and  gravel  from  this  area. 

Borrow  Area  1 is  generally  a level  hay  field.  Eight  pits  were 
located  in  this  area  and  logs  are  shown  on  Drawing  No.  6694-VI-014. 

This  area  consists  of  clean  sand  and  sandy  gravel  overlain  by  silts, 
clayey  silts  and  silty  sands.  The  fine-grained  material  varies  in 
thickness  from  about  3 feet  to  about  8 feet  averaging  approx imate ly 
5 feet.  Sand  and  gravel  obtained  from  this  area  would  have  to  be 
removed  from  below  the  water  table  and  would  reguire  processing  for 
use  as  filter,  drain  or  aggregate.  The  guantity  of  gravelly  material 
i s not  known . 

Borrow  Areas  D and  Post  Creek  are  two  areas  farthest  from  the 
damsite.  Two  pits  were  put  into  each  area  and  their  logs  are  shown 
on  Drawing  No.  6694-V I -0 1 9 • Post  Creek  is  a long  narrow  very  rocky 
valley.  The  logs  indicated  sandy  gravel  with  some  boulders  and  the 
depth  of  the  material  may  average  8 feet  deep.  Because  of  the  location 
of  D the  limits  of  the  area  were  not  defined.  The  logs  of  the  two 
pits  indicate  5 to  8 feet  of  sandy  silt  or  fine-grained  silty  sand. 

CONCRETE  AGGREGATES 


The  most  feasible  local  source  of  concrete  aggregates  would  be 
located  on  the  upper  terraces.  While  these  areas  were  not  specifically 
investigated  for  concrete  aggregates  the  grain  size  distribution 
curves  are  available  from  the  borrow  area  explorations.  It  is  not 
known  at  this  time  as  to  whether  these  upper  terrace  deposits  would 
meet  acceptable  concrete  aggregate  tests.  The  gravel  deposits  lying 
along  the  present  streambed  contain  an  appreciable  amount  of  sedimentary 
and  softer  rocks  and  are  therefore  less  likely  to  be  acceptable. 

The  nearest  knov-jn  commercial  sources  of  concrete  aggregates  are 
located  at  Sheridan,  Wyoming  where  three  firms  are  producing  acceptable 
materials.  The  aggregate  deposits  are  all  located  on  the  upper  terraces 
west  of  town  and  are  from  a similar  geologic  period  to  those  found  along 
the  Tongue  River. 

The  concrete  aggregate  used  in  the  present  dam  came  from  a pit 
located  a few  miles  upstream  of  the  dam.  Nothing  is  known  regarding 
the  aggregate  plant,  the  resulting  product  or  the  type  of  cement  used. 
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RIPRAP 


No  known  sources  of  good,  hard,  sound  rock  are  located  along 
the  Tongue  River.  A fairly  firm  cemented  sandstone  rib  was  visually 
examined  and  rejected  for  being  too  soft  for  long  life.  A small 
possibly  useful  sandstone  layer  is  present  near  the  High  Tongue  River 
damsite  as  described  in  the  Geological  Summary.  Baked  sandstone  and 
shale,  locally  known  as  clinker,  while  frequently  used  for  road 
surfacing  would  produce  very  little  material  larger  than  six  inch  size. 
Nearest  possible  source  of  an  igneous  rock  that  might  be  suitable  for 
riprap  is  located  in  the  Big  Horn  Mountains  approximately  40  miles  to 
the  southwest.  The  lack  of  good  riprap  was  recognized  during  the 
construction  of  the  existing  dam  and  thickness  was  increased  from 
30  inches  to  15  feet  measured  normal  to  the  slope  with  the  material 
being  the  above-mentioned  baked  shale.  The  present  condition  of  the 
upstream  face  appears  to  be  satisfactory. 

Exposures  of  baked  shale  occur  at  or  slightly  above  the  present 
reservoir  while  at  the  Four  Mile  Dam  Site  the  baked  shales  are  located 
along  the  tops  of  higher  ridges  generally  above  any  proposed  dam. 


TESTING 


Representat i ve  samples  of  all  materials  encountered  in  the  ex- 
plorations were  sent  to  Northern  Testing  Laboratories  at  Billings, 
Montana,  for  classification  tests.  Complete  test  data  is  presented 
in  the  Supporting  Data,  Part  VI. 

Samples  of  materials  found  to  be  representat i ve  of  material  types 
and  areas  were  sent  to  Geo-Testing,  Inc.,  San  Rafael,  California,  for 
more  complete  testing,  including  shear,  consolidation,  compaction  and 
permeability  tests.  Complete  test  data  on  the  comprehensive  testing 
and  summary  of  all  the  testing  performed  is  included  in  the  Supporting 
Data , Part  VI. 

The  soil  properties  adopted  for  design  are  presented  in  Part  VII, 
Embankment  - Stability  Analysis. 
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VII.  EMBANKMENT 


GENERAL 


The  dam  embankment  is  designed  for  economical  raising  from  Stage  1, 
to  Stage  II  as  shown  on  Dwgs . No.  6694-V I I - 007  and  008.  Studies  of  economical 
dam  heightand  spillway  combinations,  considering  the  two-stage  construction 
requirements,  indicated  that  a spillway  width  of  about  200  feet  would  be 
preferable.  The  Stage  I spillway  crest  will  be  at  El.  3438  with  dam  crest 
at  3464.  providing  some  two  feet  of  freeboard  above  the  probable  maximum 
flood  water  surface.  The  Stage  II  spillway  crest  will  be  at  El.  3453  with  a 
dam  crest  at  3476,  again  providing  2 feet  of  flood  freeboard. 

The  spillway  bridge  beams  had  to  have  adequate  clearance  from  the 
spillway  upper  nappe  water  surface  profile.  The  first  stage  bridge  had  to  be 
located  nearly  in  the  same  position  downstream  and  above  the  spillway  crest 
as  it  is  for  the  second  stage.  Therefore,  the  spillway  crest  walls  are  full 
height  to  support  the  bridge  in  the  Stage  II  position.  The  Stage  I dam  embank- 
ment is  also  set  at  the  Stage  II  crest  El.  3476  adjacent  to  the  spillway  to 
provide  access  over  the  bridge. 


DAM  ALIGNMENT 

The  placement  of  the  dam  was  developed  to  take  advantage  of  the 
most  favorable  foundation  configuration  and  geologic  conditions  on  the  site. 

A possible  axis  was  investigated  some  2000  feet  upstream.  The 
left  abutment  at  that  location  is  steeper  and  contains  more  baked  rock  and 
the  spillway  alignment  would  have  been  longer  and  required  more  excavation. 
However,  the  primary  reason  for  rejecting  an  upstream  axis,  such  as  along 
the  geologic  section  B-B  shown  on  Dwg . No.  6694- V-007A , is  the  almost  continuous 
thick  coal  bed  encountered  in  borings  along  that  location. 

A shift  of  the  dam  alignment  downstream  would  have  moved  the  maximum 
section  of  the  dam  into  a slide  area  mapped  on  the  right  abutment  (Section  D-D, 
Dwg.  No.  669A-V-007A) . Again,  the  spillway  alignment  would  have  been  longer 
and  substantially  greater  excavation  would  have  been  required. 

Along  the  selected  alignment,  shown  on  Dwg.  No.  6694— V I I —00 1 , the 
Zone  1 impervious  core  has  good  contact  with  the  abutments.  Right  abutment 
contours  converge  downstream.  On  the  left  abutment  the  Zone  1 core  contact 
is  well  keyed  into  an  existing  draw. 


DAM  SECTION 

The  dam  embankment  section  has  been  designed  to: 

1.  provide  adequate  safety  against  low  foundation  shear  strength, 

2.  provide  seepage  control  within  the  embankment, 
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3.  provide  partial  seepage  control  for  pervious  foundation  layers, 

4.  provide  for  economical  use  of  available  earth  construction 
materials. 

The  embankment  has  been  designed  with  relatively  flat  slopes: 

Four  horizontal  to  one  vertical  on  the  upstream  slope  and  2^  horizontal  to 
one  vertical  with  a series  of  wide  berms  on  the  downstream  slope. 

These  embankment  proportions  were  necessary  to  reduce  shear  stresses 
on  lenses  of  weak  clay  shale  in  the  foundation.  A full  description  of  the 
studies  used  to  guide  the  proportioning  of  the  embankment  slopes  and  berms 
are  presented  in  the  section  "Stability  Analysis". 

In  order  to  provide  seepage  control  within  the  embankment,  two 
features  were  adopted.  First,  the  impervious  core,  embankment  Zone  1,  is 
placed  upstream  and  extended  through  streambed  alluvium  and  terrace  gravels 
to  bedrock  to  act  as  a water  barrier.  The  more  pervious  shell,  Zone  4,  supports 
the  impervious  core  zone.  The  second  seepage  control  feature  is  the  drain 
chimney  and  blanket,  processed  gravel  Zone  2 flanked  by  select  gravel  zone  4a. 
This  chimney  and  drain  blanket  acts  to  collect  all  seepage  within  the  embankment 
and  conduct  it  safely  downstream.  The  chimney  drain  also  acts  to  reduce  danger 
from  cracking  of  the  core,  by  providing  a highly  pervious,  filter  protected 
zone  which  can  carry  water  away  from  cracks  while  permitting  the  core  and 
filter  to  "heal"  by  washing  in  fines. 

The  embankment  provides  for  foundation  seepage  control  in  two  ways. 
First  by  placing  the  impervious  core  trench  through  the  streambed  alluvium 
and  terrace  gravels  to  bedrock  to  reduce  seepage  through  those  materials.  In 
addition,  by  placing  the  impervious  core  trench  upstream,  a longer  seepage 
path  and  reduced  gradient  is  provided  through  the  bedrock.  The  second  foundation 
seepage  control  feature  is  that  provided  by  the  drain  trenches  under  the  down- 
stream toe  of  the  embankment.  These  drains  trenches  collect  seepage  through 
the  streambed  alluvium  and  terrace  gravels,  and  relieve  hydrostatic  uplift 
at  the  most  critical  area,  the  downstream  toe  of  the  dam. 

The  zoning  of  the  dam  embankment  includes  several  features  which 
provide  for  economical  usage  of  natural  earth  materials.  Large  amounts  of 
required  excavation  are  included  in  the  High  Tongue  River  Dam  design,  mainly 
in  the  outlet  works,  spillway,  dam  foundation  and  right  abutment  shaping. 
Therefore,  a large  random  zone  4 shell  has  been  provided  to  utilize  nearly  all 
the  required  excavation.  A large  random  zone  4 has  been  provided  in  the  center 
of  the  dam  to  provide  an  area  for  use  of  early  excavation  with  only  minimal 
foundation  preparation.  The  zone  1 core  must  be  obtained  from  upstream  borrow 
areas.  The  use  of  the  processed  gravel  drain  zone  2 has  been  minimized.  The 
filter  zone  4a  makes  use  of  unprocessed  sand  and  gravel  from  terraces  or 
streambed.  The  zone  3,  baked  rock  or  "clinker",  zone  has  been  provided  for 
drawdown  and  erosion  protection.  This  baked  rock  is  readily  obtainable  from  the 
left  abutment  ridge  above  the  dam. 
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EMBANKMENT  AND  FOUNDATION  SEEPAGE 


The  patterns  of  embankment  and  foundation  seepage  pressures 
developed  for  the  various  cases  of  stability  analysis  are  shown  on  Dwg. 

Nos.  669^-V I I -020  through  025.  Equipressure  lines  are  used  to  illustrate 
the  seepage  pressure  patterns. 

The  upstream  drawdown  zone  is  considered  highly  pervious  when 
compared  to  other  materials.  The  core  Zone  1 and  central  random  Zone  k 
are  assumed  to  have  equal  low  permeability,  less  than  one  foot  per  year. 

The  chimney  drain  will  be  highly  pervious.  The  foundation  alluvium  is 
considered  pervious  and  the  bedrock  is  considered  to  have  much  higher 
horizontal  than  vertical  permeability  due  to  horizontal  siltstone  and  clay 
shale  layers.  The  pressure  at  the  downstream  toe  in  the  foundation  bedrock 
is  considered  to  be  10  feet  higher  than  the  relief  well  drain  header  to 
approximate  well  entrance  hydraulic  losses. 
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STABILITY  ANALYSIS 


The  stability  analysis  for  the  combined  embankment  and  foundation 
was  performed  using  a computerized  circular  arc  method  of  slices.  The 
method  of  analysis  is  illustrated  on  Own . No.  6694-V I I -020 . The  results 
of  the  analysis  on  the  final  dam  section  are  presented  on  Dwgs . No. 
6694-VI 1-020  through  -025. 

Embankment  soil  parameters  for  the  analysis  shown  on  the 
drawings  were  obtained  from  soil  test  data  and  are  summarized  below" 


Key 

Zone 

Type  Mat 1 1 

Unit  Weight 
1 b/cu . Ft . 

Moist  Saturated 

Friction 
Ang 1 e- 
deg  rees 

A 

3 

Baked  Rock  or 
cl  inker 

77  115 

33.5 

B 

1 

1 mperv i ous 
Core 

126  135 

31-5 

C 

2,4,4a 

She  1 1 , d ra i n 
& filter 

131  131 

31.5 

Foundation  parameters  were  generally  determined  from  test  data  and 
typical  data  from  other  projects.  However,  the  strength  of  the  clay  shale 
received  some  special  attention.  Because  of  the  difficulty  in  sampling 
and  obtaining  meaningful  test  data  on  clay  shales,  only  limited  testing  was 
performed.  It  was  found  that  the  clay  shale  had  an  Atterberg  liquid  limit 
of  51  percent,  a plasticity  index  of  29  percent,  and  52  percent  smaller 
than  2 microns.  Since  shear  strength  determinations  of  the  clay  shale  by 
testing  would  probably  not  be  valid,  indirect  methods  were  used.  Several 
block  landslides  in  the  area  were  analyzed.  It  was  found  that  they  could 
have  failed  by  sliding  on  a base  of  clay  shale  with  a developed  friction 
angle  of  20°.  Similar  values  for  clay  shale  shear  strength  were  utilized  in 
the  design  of  Garrison  Dam,  North  Dakota,  also  located  in  the  Tongue  River 
Member  of  the  Fort  Union  Formation. 

The  foundation  for  the  dam  consists  of  layers  of  coal,  sandstones 
and  siltstones.  These  layers  generally  lense  out  in  short  distances  as 
described  in  the  section  "Geology".  Therefore,  the  clay  shale  is  also 
found  in  discontinuous  layers.  The  stability  analysis  had  to  reflect  the 
field  conditions.  A wedge  type  analysis,  failing  along  a horizontal 
continuous  clay  shale  bed,  is  therefore,  unrealistic.  Consequently  a 
circular  arc  analysis  was  selected  to  pass  through  lenses  of  clay  shale  in 
the  foundation.  For  purposes  of  analysis,  this  was  done  by  setting  5 foot 
thick  layers  of  clay  shale  in  the  siltstones  and  sandstone  30  feet  apart. 
Because  the  circular  arc  analysis  made  by  the  computer  can  stay  within  a 
five  foot  thick  layer  only  for  a short  distance,  the  effect  of  lensing 
is  realistically  achieved. 

A summary  of  the  foundation  strength  parameters  is  as  follows: 
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Friction 

Saturated  Un  i t 

Ang  1 e 

Key 

Type  Mat ' 1 . 

Weight 

Degrees 

D Streambed 


A1 1 uv i um 


Terrace  Gravel 

130 

30.0 

E S i 1 tstone  and 

sandstone 

137 

30.0 

F Clay  shale 

137 

20.0 

The  resu 1 ts  of  the 

stability  analysis  are  summarized 

in  the  follow 

tab  1 e . 

Safety  Factor 

Des i gn 

Sect i on 

Cond i t i on  C r i 

te  r i a 

Computed 

Upstream  - Maximum 

G rav i ty-Seepage 

1 .50 

1.81 

Upstream  - Maximum 

G rav i ty-Seepage-Se i sm i c 

1.10 

1.16 

Upstream  - Maximum 

Rapid  Drawdown 

1 .25 

1 .A0 

Upstream  - Abutment 

G rav i ty-Seepage 

1 .50 

1 .81 

Upstream  - Abutment 

Gravity-Seepage-Seismic 

1.10 

1 .12 

Downs  t ream- Max i mum 

G rav i ty-Seepage 

1 .50 

1 .91 

Downs  t ream-Max i mum 

Gravi ty-Seepage-Se i smi c 

1 .10 

1.16 

Down st  ream- Abutment 

Gravi ty-Seepage 

1 .50 

1.66 

Down st  ream- Abu  tment 

Gravi ty -Seepage-Seismic 

1.10 

1.12 

FOUNDATION  SEEPAGE  CONTROL 

Foundation  seepage  control  is  partly  provided  by  the  embankment 
design  as  previously  discussed.  At  the  center  of  the  impervious  core  zone 
contact  with  the  bedrock,  a grout  curtain  will  be  installed  as  detailed 
on  Dwg.  No.  669A- V I I -005 . Relief  wells  and  horizontal  pipe  drains  will 
be  installed  along  the  toe  of  the  dam  as  shown  on  Dwgs . No.  669A-VII-OOA 
and  006. 

RIGHT  ABUTMENT  SLIDE  AREA 


The  landslide  area  at  the  downstream  right  abutment  toe  of  the  dam 
will  be  butrressed  by  the  dam  embankment.  Drains  will  be  installed  to 
relieve  seepage  pressures  behind  the  slide  material.  In  order  to  increase 
the  stability  of  this  slide  area  the  right  abutment  ridge  above  the  slide 
will  be  cut  back  to  unload  the  top  of  the  slope. 

INSTRUMENTATION 

Instrumentation  will  be  required  to  determine  the  performance  of  the 
high  Tongue  River  Dam  and  foundations.  Embankment  piezometers  will  be 
installed  to  monitor  internal  seepage  pressures.  Surface  settlement  markers 
and  two  cross  arm  internal  settlement  devices  will  be  installed  to  monitor 
the  surface  settlements  and  internal  distribution  of  embankment  settlements. 
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The  emphasis  on  instrumentation  however,  will  be  on  monitoring 
foundation  seepage  in  the  coal  and  other  pervious  members.  Open  tube  type 
wellpoints  will  be  installed  along  the  toe  of  the  dam  and  in  the  abutments 
to  determine  the  foundation  seepage  pressures  and  provide  a basis  for 
design  of  any  necessary  remedial  treatment. 

CAMBER 


Camber  will  be  provided  to  allow  for  anticipated  crest  settlement 
of  one  to  two  feet  and  provide  for  a slightly  arched  crest  so  that  it  will 
not  appear  to  sag  in  the  middle.  Four  feet  of  camber  will  be  provided  by 
oversteepening  at  the  top  of  the  dam,  and  tapering  to  no  camber  at  the 
abutments . 

ROADS 


An  access  road  will  be  provided  by  improving  the  existing  road  from 
the  Deckc r-B i rney  road  and  building  a new  road  to  the  left  abutment  of 
the  dam  as  shown  on  Dwg . No.  6694-V I I -00 1 . 
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VIII.  SPILLWAY 


GENERAL 


The  spillway  is  located  on  the  left  abutment  of  the  dam.  A 
plan  and  profile  of  the  spillway  are  shown  on  Drawings  No.  6694-V I I I -00 1 
and  -002.  An  ungated  200-foot  long  ogee  crest  is  provided  for  both 
first  and  second  stage  construction.  The  decision  to  construct  the 
dam  in  two  stages  had  a significant  influence  on  the  spillway  design. 

The  Stage  1 construction  will  provide  a maximum  storage  water  surface 
of  Elevation  3438.  A cost  analysis  of  dam  height  versus  spillway  con- 
figuration provided  an  economical  combination  of  a 200-foot  long 
spillway  crest,  maximum  water  surface  for  PMF  discharge  of  3462  and 
dam  crest  3464.  Design  spillway  outflow  for  Stage  1 is  94,000  cfs. 

For  second  stage  construction  450,000  acre  feet  of  gross 
storage  is  required.  This  establishes  the  reservoir  storage  level 
at  Elevation  3453,  and  the  corresponding  second  stage  dam  crest  at 
Elevation  3^76  with  flood  pool  at  Elevation  3474.  The  flood  routing 
study  showed  that  maximum  second  stage  spillway  discharqe  will  be 
80,000  cfs. 

HYDRAULIC  DESIGN 

Design  of  the  spillway  crest  thus  required  a first  stage  ogee 
which  would  discharge  94,000  cfs  at  crest  Elevation  3438;  and  was 
capable  of  being  raised  to  crest  Elevation  3453  with  a discharge 
capability  of  80,000  cfs.  The  ogee  design  was  based  on  Corps  of 
Engineers'  Hydraulic  Design  Criteria(l)  using  design  heads  of  21.0 
feet  for  Stage  1 and  15-75  feet  for  Stage  2.  The  resulting  maximum 
coefficients  of  discharge  were  4.00  for  Stage  1 and  4.13  for  Stage  2. 

Water  surface  profile  for  the  spillway  chute  was  computed  using 
Manning's  "n"  equals  0.015. 

Configuration  of  the  stilling  basin  was  determined  by  use  of 

Bureau  of  Reclamation  Criteria  for  a Type  II  basin.  2'  The  basin  elevation 
was  set  to  ensure  that  the  jump  D£  elevation  would  be  below  the  tailwater 

elevation  at  all  discharges. 

STRUCTURAL  DESIGN 

Structural  design  of  the  spillway  was  based  on  Corps  of  Engineers' 
Criteria(3)  using  the  following  loading  conditions: 

Maximum  allowable  bearing  pressures 

Approach  walls  not  on  rock  = 2 Tons/sq.ft,  plus  overburden  pressure. 

All  walls  on  rock  = 6 Tons/sq.ft. 
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Lateral  earth  pressures 

Approach  walls  and  high  walls  at  crest:  (Counterforted) 

Saturated  density  135  lb./cu.ft.  - earth  pressure 
coefficient  0.60. 

Chute  walls  (Cantilever  walls  downstream  of  crest): 
Saturated  density  1 30  lb./cu.ft.  - earth  pressure 
coefficient  0.35- 

High  walls  at  stilling  basin  (Counterforted): 

Saturated  density  130  lb./cu.ft.  - earth  pressure 
coef f i c i ent  0.5. 


Cone  rete 

Minimum  compressive  strength  at  28  days  - 3000  lb./sq.in. 

Maximum  allowable  stress  in  flexure  - 1350  lb./sq.in. 

Reinforcement  - Maximum  allowable  tensile  stress  - 24,000  lb./sq.in. 

As  mentioned  above,  the  ogee  and  upper  chute  walls  will  be  constructed 
in  two  stages;  however,  all  other  spillway  features  are  built  to  their  ultimate 
configuration  during  first  stage  construction  as  shown  on  Dwg . No . 6694- V I I I -002 . 

The  ogee  is  founded  on  rock  at  approximate  Elevation  3405,  some 
17  feet  below  the  base  of  the  approach  channel.  A shear  key  and  seepage 
cutoff  is  provided  at  the  upstream  face  of  the  ogee. 

For  second  stage  construction,  the  ogee  crest  will  be  raised  to 
Elevation  3453.  At  the  time  of  second  stage  construction  the  first 
stage  crest  will  be  stepped,  and  dowels  will  be  provided  to  assure 
complete  bond  between  the  first  and  second  stage  concrete.  The  raised 
crest  details  are  shown  on  Dwgs . No.  6694-VI  I 1-002  and  012. 

A 200-foot  long  clear  span  plate  girder  bridge  designed  for 
H-20  loading  provides  a 12-foot  roadway  across  the  spillway  crest  at 
the  second  stage  dam  crest  elevation  as  shown  on  Dwg . No . 6 69  4 - V I I I - 1 1 . 

Counterforted  approach  walls  with  stepped  footings  are  provided 
upstream  of  the  spillway  crest.  These  walls  vary  in  height  from  66 
feet  to  22  feet.  For  layout  of  the  approach  and  abutment  walls,  see 
Drawings  6694- V I I I -004  and  -005- 

A 200-foot  wide,  111  7” foot  long  rectangular  chute  conveys 
spillway  discharges  from  the  crest  to  the  stilling  basin.  The  upstream 
880  feet  of  the  chute  i s on  a 7 percent  grade  approximately  parallel 
to  the  natural  ground  surface;  the  remainder  is  on  a 50  percent  grade, 
terminating  at  the  stilling  basin  floor.  The  chute  is  provided  with 
L shaped  cantilever  walls  14  feet  high  in  the  upper  reach  and  12  feet 
high  in  the  lower  reach.  These  heights  allow  approximately  six  feet  of 
freeboard  at  maximum  discharge.  The  chute  floor  is  a pattern  of  30  foot 
by  30  foot,  18  inch  thick  slabs.  In  addition,  the  slabs  are  secured 
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to  the  foundation  with  twelve-foot  long  anchor  bars  spaced  as  shown. 

The  chute  is  shown  on  Drawings  6694-VI I 1-006  and  -007. 

The  200-foot  wide  by  150-foot  long  rectangular  stilling  basin 
has  55  feet  high  counterfor ted  side  walls.  The  stilling  basin  floor 
is  composed  of  30-foot  by  30-foot,  4-foot  thick  slabs  provided  with 
keys  and  waterstops  at  all  joints.  Fifty  percent  of  the  reinforcement 
is  run  through  the  joints.  The  slabs  are  anchored  to  the  foundation 
by  No.  11  bars  in  a 5_foot  by  10-foot  pattern.  The  bars  are  embedded 
15  feet  minimum  into  the  foundation  rock.  Chute  blocks,  armored  baffle 
blocks  and  an  end  sill  are  provided.  Stilling  basin  layout  and  details 
are  shown  on  Drawings  6694-V I I I -008  and  -009. 

The  entire  spillway  is  protected  from  hydrostatic  uplift  by  a 
system  of  underdrains.  Beginning  at  the  crest  structure,  a 6-inch 
diameter  cross  drain  is  located  behind  the  shear  key.  This  drain  is 
tied  to  two  12-inch  diameter  longitudinal  drains  spaced  50  feet  each 
side  of  the  spillway  centerline.  The  longitudinal  drains  extend  the 
full  length  of  the  chute  and  at  their  lower  end  are  turned  laterally 
to  discharge  through  the  stilling  basin  walls.  Along  the  chute  six- 
inch  diameter  cross  drains  are  provided  at  60-foot  spacing.  As 
protection  against  freezing,  and  to  assure  collection  of  seepage  water, 
the  drains  are  located  in  6-foot  deep  trenches  which  are  backfilled  with 
perv i ous  material . 

In  addition  to  the  underdrains,  8-inch  diameter  longitudinal 
drains  are  provided  behind  the  chute  and  stilling  basin  walls.  These 
are  located  approximately  at  foundation  level  and  are  daylighted 
through  the  stilling  basin  walls.  Relief  wells  are  provided  around 
the  stilling  basin  to  protect  against  deep  seated  uplift.  Drainage  detail 
are  shown  on  Dwg . No.  6694-V I I I -0 1 0 . 
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IX.  OUTLET  WORKS 


GENERAL 


The  outlet  works  are  located  in  a trench  through  the  low  terrace 
on  the  left  side  of  the  river  channel.  General  arrangement  is  shown  on 
Drawing  IX-001.  The  full  length  of  the  outlet  works  required  for  Stage 
I I construction  wi 1 1 be  constructed  to  Stage  I because  of  the  great 
difficulty  in  moving  the  outlet  structure  downstream.  The  required 
capacity  of  the  outlet  works  is  based  on  two  considerations:  delivery 

criteria  and  capability  to  lower  the  storage  pool. 

The  delivery  criteria,  based  on  minimum  pool  elevation  3310  are: 


Industrial  use 

100 

cfs 

Prior  adjudicated  rights 
and  all owance  for 
reserved  Indian  lands 

342 

Existing  Agricultural 
Contracts 

133 

Tota  1 

575 

cfs 

The  delivery  criteria  would  require  a capacity  to  deliver  3^,500 
acre  feet  in  any  30  day  period. 

It  is  judged  that  the  outlet  works  should  have  sufficient  capacity 
to  release  about  one  third  of  the  second  stage  storage  in  30  days.  This 
amounts  to  reducing  storage  by  about  150,000  acre  feet  in  30  days,  which 
requires  a discharge  of  2500  cfs  in  excess  of  inflow.  Except  during  the 
months  of  May  and  June,  inflow  is  less  than  500  cfs.  Therefore  the 
required  design  discharge  has  been  established  at  3000  cfs. 

The  outlet  works  are  designed  to  meet  the  3000  cfs  discharge  when 
the  reservoir  water  surface  is  at  elevation  3^38.  The  outlet  works 
capacity  at  minimum  pool  elevation  3310  is  1200  cfs.  The  elevation  of 
the  outlet  valve  centerline  was  set  at  3280  to  prevent  submergence  of 
the  valve  during  spillway  discharge.  The  plan  and  profile  of  the  outlet 
works  are  shown  on  Dwg . 6694-1X-001. 

HYDRAULIC  DESIGN 


Outlet  works  hydraulics  were  computed  on  the  basis  of  the 
following  head  losses: 


T rash  rack 

Entrance  (bellmouth) 
Contract i ons 
Expansion(l2  Degrees) 
Butterfly  Valve 
Fixed  Cone  Valve 
Friction-Steel  Lined 
Condu i t-Mann i ngs 

Exi  t 


0.38  vj~/2g 
0.05  v /2g 
0.10  (V  -V.)  z/2g 

o.io  (vrv2j2/2g 

0.40  V2/2g 
0.41  V2/ 2g 

"n"  = 0.012 

1 .0  V2/2g 


I X-  1 


The  hydraulic  design  also  included  a study  of  the  gates  and 
valves  provided  for  flow  regulation  and  control. 

At  the  upstream  end  of  the  conduit,  a guard  gate  has  been  provided 
for  emergency  closure  of  the  outlet  works.  This  gate  will  be  lowered  from 
a barge  by  a diver,  into  slots  in  the  intake  structure. 

A 108  inch  diameter,  hydraulically  operated  butterfly  valve  is 
located  in  the  conduit.  This  valve  is  designed  for  190  feet  of  head 
and  for  emergency  closure  in  the  event  of  failure  of  the  downstream 
regulating  valve.  Closure  time  of  the  butterfly  valve  under  emergency 
conditions  will  be  controlled  at  6 minutes  to  reduce  the  undesirable 
effects  of  rapid  closure.  Admission  of  air  into  the  conduit  after 
emergency  closure  will  be  provided  by  7 _ 10  inch  diameter  air  inlet 
valves.  One  valve  will  be  located  immediately  downstream  of  the  butterfly 
valve  and  thereafter  at  25  ft  spacing. 

At  the  downstream  end  of  the  conduit  a 90  inch  diameter,  electrically 
operated,  fixed  cone  dispersion  valve  is  provided  for  regulation  of 
outlet  works  discharges.  Design  of  the  outlet  works  is  such  that  hydraulic 
control  is  at  the  downstream  regulating  valve  under  all  conditions  of  flow. 


STRUCTURAL  DESIGN 

The  10  foot  diameter  outlet  works  conduit  is  steel  lined  throughout. 

A 15  foot  wide  by  15  foot  deep  trench  is  excavated  in  bedrock  and  the 
space  between  the  conduit  and  the  trench  filled  with  structural  concrete, 
thus  saving  forming  costs.  The  steel  conduit  is  provided  with  external 
welded  stud  anchors  to  develop  shell  stiffening  action  with  the  concrete 
surround.  The  steel  conduit  is  designed  to  resist  the  full  reservoir 
head  plus  full  internal  vacuum  as  an  external  load. 

The  intake  structure  incorporates  trashracks,  a bellmouth  transition 
and  slots  for  the  guard  gate.  The  intake  structure  is  shown  on  Dwg . 669^- 1 X-002 . 

The  108  inch  diameter  butterfly  is  housed  in  a chamber  located  in 
the  impervious  zone,  foundation  contact.  The  valve  and  chamber  are  shown 
on  Dwg.  No.  669^" I X-003 • 

Provision  is  made  for  withdrawal  of  industrial  water  by  a 4-foot 
diameter  tee  located  immediately  upstream  of  the  regulating  valve. 

Initially  the  tee  is  capped  with  a blind  flange. 

A control  building  is  located  on  top  of  the  regulating  valve 
structure.  From  this  building,  a six  and  one  half  foot  high  by  eight 
foot  wide  manway  provides  access  to  the  butterfly  valve  chamber.  Piezometer 
gauges  housed  in  an  insulated  and  heated  box  are  located  near  the  down- 
stream end  of  the  manway.  The  outlet  structure  is  shown  on  Drawing  No. 

6694- IX-004. 

The  conduit  downstream  of  the  butterfly  valve  may  be  dewatered 
and  manholes  have  been  provided  for  inspection  of  the  conduit  interior. 

Circulation  of  air  between  the  outside  and  the  valve  chamber 
has  been  provided  through  the  air  demand  of  the  fixed  cone  dispersion 

valve. 
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X.  COST  ESTIMATE 


An  order- of-magn i tude  estimate  of  the  project  cost  for  Stage  1 
development  has  been  prepared.  This  estimate  is  based  on  quantities 
for  the  major  items  of  work  calculated  from  the  drawings  presented  in 
this  report.  The  estimate  considers  three  construction  seasons  will 
be  required.  The  Specific  Construction  Cost  corresponds  to  a construction 
contractor's  bid,  presented  at  a 4th  Quarter,  1968,  price  level.  Those 
items  of  project  cost  which  can  be  estimated  at  this  time  are  added  to 
the  Specific  Construction  Cost;  contingencies,  engineering,  management 
of  construction  and  part  of  the  anticipated  cost  escalation.  The  15% 
allowed  for  cost  escalation  covers  the  period  from  an  undefined  project 
release  date  through  one  year  of  pre-construction  engineering  and 
three  years  of  construction.  Excluded  from  the  estimated  Total  Project 
Cost  are  those  items  which  are  to  be  determined  by  the  Montana  Water 
Resources  Board  after  financing  arrangements  and  the  project  schedule 
become  known.  These  excluded  items  are  the  cost  of  land  and  rights 
of  way,  engineering  costs  already  incurred,  escalation  from  the  present 
to  the  date  of  project  release,  financing  costs  and  other  client  costs. 

In  considering  financing  costs,  it  should  be  noted  that  interest  on 
borrowed  capital  during  reservoir  filling  is  a significant  item,  since 
the  time  which  must  be  allowed  for  reservoir  filling  is  four  to  six  years. 
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TONGUE  RIVER  PROJECT 


HIGH  TONGUE  RIVER  DAM 
FOUR  MILE  S I TE--CREST  ELEVATION  3464 

ORDER-OF-MAGN ITUDE  COST  ESTIMATE 


LAND  AND  LAND  RIGHTS 

(See  Note) 

RESERVOIR 

$ 35,000 

EARTHFILL  DAM 

12,824,000 

SPILLWAY 

6,968,000 

OUTLET  WORKS 

2,256,000 

SITE  IMPROVEMENTS 

50,000 

SUBTOTAL,  SPECIFIC  CONSTRUCTION  COST, 
4th  Quarter,  196b,  Price  Level 

$22,133,000 

ALLOWANCE  FOR  CONTINGENCIES 

3,755,000 

ENGINEERING 
To  Date 

Pre  Construction 
During  Construction 

Not  1 nc 1 uded 

422.000 

315.000 

MANAGEMENT  OF  CONSTRUCTION 

1 ,400,000 

SUBTOTAL 

28,025,000 

ALLOWANCE  FOR  COST  ESCALATION 

4th  Quarter,  1968,  to  Project  Release 
Project  Release  to  Completion  @ 15% 

(See  Note) 
4,204,000 

INTEREST  ON  BORROWED  CAPITAL 
During  Construction 
During  Reservoir  Filling 

(See  Note) 
(See  Note) 

CLIENT  COSTS 

(See  Note) 

TOTAL  PROJECT  COST  (less  exclusions  as  noted) 

$32,229,000 

Note:  Cost  to  be  provided  by  Montana  Water  Resources 

Board . 
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